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PREFACE 

1 - , 
I 
d 

T h i s  repor t  was prepared by  D r .  Robert 8, Mendelsohn during a month's 
fellowship a t  tRe Southwest F isher ies  Center Honolulu Laboratory. The 
terms of the fellowship were t o  provide a University facul ty  member w i t h  
the freedom t o  explore the nature of "existence values f o r  marine mammal 
resources." I n  p a r t i c u l a r ,  we were looking f o r  an a n a l y t i c a l  review of the 
economic l i t e r a t u r e  on exis tence valuation and a conceptual discussion of 
evaluating o r  measuring the  nonmarket value of endangered species such as 
the humpback whale or  t h e  Hawaiian monk sea l .  

Mendelsohn's work emphasizes the d i f f i c u l t y  i n  separating nonuse 
aspects of a species '  value from i t s  d i r e c t  and i n d i r e c t  use values. 
Mendelsohn takes a c r i t i c a l  approach t o  most attempts t o  measure existence 
values f o r  endangered species and na tura l  resources. H e  f u r t h e r  argues 
t h a t  measurement of use value must  be s e n s i t i v e  t o  caveats concerning the 
type of use envisaged. Mendelsohn a l s o  takes a c r i t i c a l  v'iew toward non- 
u t i l i t a r i a n  conceptions of value a s  applied t o  endangered epecies. 

I be l ieve  t h i s  report  provides the bas i s  f o r  developing more rigorous 

Although q u a n t i t a t i v e  comparison of 
c r i t e r i a  f o r  evaluating the  p o s s i b i l i t y  of measuring t h e  benef i t s  f o r  
preserving endangered marine mammals. 
d o l l a r  values i n  terms of cos ts  and benef i t s  from protect ion programs i s  
not the only yardst ick f o r  evaluating preservation programs, i t  provides 
useful  information f o r  the public,  user groups, and decis ion makers, A 
number of a reas  f o r  p r a c t i c a l  appl icat ion of t h e  c r i t e r i a  suggested by t h i s  
repor t  e x i s t s  w i t h i n  the f i e l d  of marine mammal protect ion.  
economists w i t h i n  the National Marine F isher ies  Service look forward t o  
f u r t h e r  research i n  t h i s  area.  

A number of 

The Southwest Fisheries Center 's  economics fellowship program empha- 
s i z e s  t h e  academic freedom of i t s  par t ic ipa t ing  scholars.  As such, the 
repor t  has received minimal ed i t ing  although D r .  Mendelsohn d i d  receive 
wr i t ten  comments from Center reviewers which he was f r e e  t o  incorporate or 
r e j e c t  ae he saw f i t .  
facu l ty  fellow, i t s  statements,  f indings,  conclusions, and recommendations 
a r e  those of D r .  Mendelsohn and do not necessar i ly  r e f l e c t  the view of the 
National Marine F isher ies  Service. 

Because the report  wa5 prepared by an independent 

Samuel G. Pooley 
I n d u s t r y  Economist 
Honolulu Laboratory 
September 11, 1984 
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ABSTRACT 

T h i s  p a p e r  reviews and c r i t i q u e s  t h e  v a r i o u s  b e n e f i t s  a l l e g e d l y  gen- 
e r a t e d  by endangered  s p e c i e s .  
many of tRese s e p a r a t e  b e n e f i t s  a p p e a r  t o  b e  r edundan t  and some are prob- 
a b l y  n e a r  z e r o .  
t o  b e  nonconsumptive use. 
i c a l l y  measure t h e  b e n e f i t s  of endangered  mar ine  mammals i n  t h e  Hawaiian 
I s l a n d s  . 

Although t o t a l  b e n e f i t s  may b e  s u b s t a n t i a l j  

The most s i g n i f i c a n t  b e n e f i t  of endangered  s p e c i e s  a p p e a r s  
S e v e r a l  s u g g e s t i o n s  a re  g i v e n  a b o u t  how t o  empir- 
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IATRODUCTIOA 

T h i s  paper i s  concerned w i t h  measuring t h e  benef i t s  of endangered 
species i n  general  and the humpback whale and monk s e a l  i n  p a r t i c u l a r ,  
Although there  a r e  v i r t u a l l y  no q u a n t i t a t i v e  estimates of t h e  value of any 
species anywhere ( w i t h  the possible  exception of t h e  whooping crane--see 
S t o l l  and Johnson 19841, economists have pondered t h e  p o t e n t i a l  value of 
endangered species f o r  about two decades. 
gered species f a l l  i n t o  one of two categories.  
a r i s e s  from a u t i l i t a r i a n  perspective-the species may be helpful  t o  man 
e i t h e r  d i r e c t l y  o r  ind i rec t ly .  
a l t r u i s t i c  view-that a l l  species  should be given t h e  r i g h t  t o  e x i s t  inde- 
pendently of any usefulness t o  man h i m s e l f .  

T h e  b e n e f i t s  of preserving endan- 
The most prevalent source 

The  a l t e r n a t i v e  perspective considers a more 

There a r e  many p o t e n t i a l  ways a species could be b e n e f i c i a l  t o  mankind. 
(1) There is user value from d i r e c t  i n t e r a c t i o n s  between manand the 
species.  Whether f o r  consumptive a c t i v i t i e s  such as f i sh ing  and hunting or  
nonconsumptive uses such as birdwatching, hiking, o r  photography, man 
c lear ly  obtains  pleasure,  enjoys, and would therefore  be wi l l ing  t o  pay for  
c lose contact w i t h  individual  species.  ( 2 )  I n  addi t ion t o  d i r e c t  use, i t  i s  
possible there  a r e  several  i n d i r e c t  mechanisms through which t h e  species i s  
helpful t o  man. 
important l i n k  i n  t h e  food chain f o r  another species man considers valuable. 
( 3 )  The species may a l s o  provide secondary b e n e f i t s  through a communication 
medium. A w i l d l i f e  movie, book, o r  l e c t u r e  can become a l ink  between the 
resource and t h e  public.  Even without d i r e c t  contact ,  t h e  public through 
t h i s  medium can enjoy the  epecies. 
individuals obtain pleasure j u s t  from the exis tence of the  species.  
Othe r  economists a r g u e  people obtain pleasure from the knowledge that  
species w i l l  be preserved f o r  fu ture  generations--a b e w e s t  value. ( 6 )  Many 
n a t u r a l i s t s  argue t h a t  endangered species have s c i e n t i f i c  value as poten t ia l  
sources of new information about gene t ics ,  medicine, and ecosystems. 

For example, the species may control  a pest o r  may be an 

(4) Some economists argue t h a t  some 
( 5 )  

The considerable uncertainty about the long-term b e n e f i t s  of a species 
coupled w i t h  the i r r e v e r s i b i l i t y  of ex t inc t ion  has led t o  y e t  other values. 
(7 )  Wild species have long been a source of pene t ic  chemical material,. 
A potent ia l  value of any species i s  consequently chemical mining--the 
ex t rac t ion  of r a r e  biochemicals d i r e c t l y  from the plant o r  animal. 
Quasi-option value i s  t h e  benef i t  of waiting t o  make an i r r e v e r s i b l e  deci- 
sion u n t i l  more information i s  avai lable .  
t h a t  t h e i r  des t ruc t ion  i s  i r r e v e r s i b l e  and may quickly be regret ted.  ( 9 )  
OPtion value has been labeled a s  t h e  premium people a r e  w i l l i n g  t o  pay t o  
keep the chance of having a species maintained given there  i s  uncertainty. 
Each of these n i n e  p o t e n t i a l  u t i l i t a r i a n  values w i l l  be discussed i n  more 
d e t a i l  i n  the forthcoming sect ions.  

(8) 

One reason t o  preserve species i s  

Each of the u t i l i t a r i a n  b e n e f i t s  can be discussed i n  terms of annual 
benef i t s .  
from now far  i n t o  t h e  f u t u r e .  
present discounted value of a l l  f u t u r e  benef i t s .  
poral  evaluation i s  cons is ten t  across  a11 measures (with t h e  possible 

I f  t h e  species  survives ,  i t  produces a stream of annual benefi ts  
The  t o t a l  value of t h i e  stream is t h e  

Because th i s  intertem- 
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e x c e p t i o n  of q u a s i - o p t i o n  v a l u e  and b e q u e s t  v a l u e ) ,  t h e  i n t e r t e m p o r a l  
q u a l i t y  of  most of t h e  b e n e f i t s  is  i g n o r e d  i n  t h e  f o l l o w i n g  d i s c u s s i o n s ,  

Some i n d i v i d u a l s  q u e s t i o n  whe the r  i t  i s  a p p r o p r i a t e  t o  judge  t h e  v a l u e  
of  a s p e c i e s  i n  terms o f  i t s  u s e f u l n e s s  t o  man. For  example,  S t o n e  (1972)  
a r g u e s  t h a t  p e r h a p s  n a t u r e  shou ld  b e  g i v e n  c e r t a i n  r i g h t s  o f  e x i s t e n c e .  
A l t e r n a t i v e l y ,  o n e  could  e x t e n d  R a w l s '  (1971)  d i s c u s s i o n  o f  income d i s t r i -  
b u t i o n  a c r o s s  man t o  a l l  o f  n a t u r e .  
30,000 v e r t e b r a t e  s p e c i e s  we would b e  b o r n  i n t o  ( t h e  v e i l  of i g n o r a n c e ) ,  
and w e  were a s k e d  how many s p e c i e s  s h o u l d  b e  p r e s e r v e d ,  I f  w e  wanted t o  
minimize o u r  w o r s t  outcome ( e x t i n c t i o n ) ,  we would vote t o  k e e p  a l l  s p e c i e s .  
E x i s t e n c e  would t h e n  be a n  i n a l i e n a b l e  r i g h t  which c o u l d  n o t  b e  pu rchased  
away 

Suppose we d i d  n o t  know which o f  t h e  

I n  t h e  r ema inde r  of t h e  p a p e r ,  I a r g u e  t h a t  d i r e c t  and i n d i r e c t  yse 
are t h e  p r i n c i p a l  r e a s o n s  t o  m a i n t a i n  a n  endangered  s p e c i e s ,  
v a l u e s  e i t h e r  a r e  r e f l e c t i o n s  o f  d i r e c t  u s e ,  and so a r e  a l r e a d y  c a p t u r e d  
(measu red ) ,  o r  are  too  small t o  b e  of any consequence .  I f u r t h e r  a r g u e  
t h a t  a l t h o u g h  o n e  c o u l d  endow each  s p e c i e s  w i t h  a n  i n a l i e n a b l e  r i g h t  t o  
e x i s t ,  a sound p h i l o s o p h i c a l  argument  can  b e  made f o r  c o n s i d e r i n g  the 
b e n e f i t s  and costs  o f  each  s p e c i e s '  e x i s t e n c e .  S i n c e  t h e  b e n e f i t s  o f  
keep ing  a s p e c i e s  w i l l  r a r e l y  b e  i n f i n i t e ,  measurement of t h e s e  b e n e f i t s  
c o u l d  b e  q u i t e  h e l p f u l  f o r  making b e t t e r  d e c i s i o n s  abou t  how b e s t  t o  a l lo-  
c a t e  o u r  p r e s e r v a t i o n  e f f o r t s  a c r o s s  s p e c i e s ,  

The r ema in ing  

F o r  o r g a n i z a t i o n a l  conven ience ,  a s e c t i o n  i s  d e v o t e d  t o  each  of  t h e  
n i n e  u t i l i t a r i a n  s o u r c e s  of  b e n e f i t s  a r r a n g e d  i n  T a b l e  1. 
is devo ted  t o  t h e  p h i l o s o p h i c a l  f o u n d a t i o n  o f  t h e  r i g h t  t o  e x i s t .  F o r  e a c h  
s o u r c e  o f  b e n e f i t s ,  t h e  e m p i r i c a l  and t h e o r e t i c a l  l i t e r a t u r e  on  t h e  s u b j e c t  
i s  c r i t i c a l l y  rev iewed and p r e f e r r e d  methods of  measurement f o r  t h e  hump- 
back  whale  and monk seal  are s u g g e s t e d  when a p p r o p r i a t e .  

Another  s e c t i o n  

It shou ld  be unde r s tood  t h a t  t h e  f o c u s  of  t h i s  a n a l y s i s  i s  on t h e  
b e n e f i t s  o f  p r e s e r v i n g  i n d i v i d u a l  s p e c i e s  w i t h  d a n g e r o u s l y  low p o p u l a t i o n s .  
Although t h e  b e n e f i t s  o f  p r o t e c t i n g  wi ld  p o p u l a t i o n s  which are n o t  endan- 
g e r e d  are r e l a t e d  t o  t h e  b e n e f i t s  d i s c u s s e d  h e r e ,  some o f  t h e  a rguments  and 
t h u s  c o n c l u s i o n s  do n o t  a p p l y  t o  abundan t  p o p u l a t i o n s .  

DIRECT USE 

D i r e c t  use i s  t h e  l eas t  c o n t r o v e r s i a l  and most ea s i ly  measured v a l u e  
o f  w i l d l i f e .  
sumpt ive .  I n  g e n e r a l ,  h u n t i n g ,  t r a p p i n g ,  and f i s h i n g  would b e  consumptive 
u s e s  of  w i l d l i f e  b e c a u s e  t h e  p a r t i c i p a n t s  use up t h e  r e s o u r c e  th rough  t he i r  
a c t i v i t y .  H ik ing ,  b i r d w a t c h i n g ,  whale  wa tch ing ,  and photography,  i n  con- 
t rast ,  are g e n e r a l l y  nonconsumptive u s e s  b e c a u s e  t h e  i n t e r a c t i o n  need n o t  
harm o r  r e d u c e  t h e  t a r g e t  p o p u l a t i o n .  
t i n c t i o n s  may haze  as f i s h e r m e n  c o u l d  re lease t h e i r  c a t c h  w h i l e  photogra-  
p h e r s  so h a r a s s  a n  animiil t h a t  i t  p e r i s h e s .  These f i n e  p o i n t s  a s i d e ,  t h e r e  
i s  a n  i m p o r t a n t  d i s t i n c t i o n  between consumpt ive  and nonconsumptive bene- 
f i t s .  

T h e r e  a r e  two t y p e s  of  d i r e c t  use--consumptive and noncon- 

I n  p r a c t i c e  o f  c o u r s e ,  t h e s e  d i s -  

F o r  s p e c i e s  which are few i n  number, consumpt ive  u s e  could  q u i c k l y  



f 

3 

T a b l e  1 . - -P rese rva t ion  b e n e f i t s  of endangered  s p e c i e s .  

- Use v a l u e s  

R e c r e a t i o n  

-- Nonuse v a l u e s  

P a d i r e c t  

Direct 
Consumptive 
Nonconsumptive 

Secondary 

Beques t  

N o n r e c r e a t i o n  

Min ing  
Chemicals  
G e n e t i c  material  

Exper imen t s  
Medical  
Eco l o g  i c  a 1 
B i o l o g i c a l  

E l i m i n a t i o n  of pests 

, 

Risk 

Enhancement-of d e s i r e d  species 

O p t i o n  value 

Q u a s i - o p t i o n - v a l u e  

E x i s t e n c e  

l e a d  t o  e x t i n c t i o n  as t h e  p o p u l a t i o n  f a l l s  be low a c r i t i c a l  minimum (Bach- 
mura 1972), 
consumptive b e n e f i t s .  More l i k e l y ,  t h e  p o t e n t i a l  consumpt ive  b e n e f i t s  of 
an endangered s p e c i e s  are  t h e  d i s c o u n t e d  v a l u e s  of consuming t h e  s p e c i e s  
sometime i n  t h e  f u t u r e  when its p o p u l a t i o n  i s  a t  a h e a l t h y  number. Thus, 
many s p e c i e s  who have  a lways  had a l i m i t e d  h a b i t a t  ( p o p u l a t i o n ) ,  or whose 
h a b i t a t  h a s  been  a c q u i r e d  by o t h e r  u s e r s ,  w i l l  have no consumpt ive  d i r e c t  
u s e  b e c a u s e  t h e y  w i l l  p r o b a b l y  n e v e r  have a s u f f i c i e n t l y  l a r g e  p o p u l a t i o n  

Thus,  endange red  s p e c i e s  are n o t  s u i t e d  t o  p r o v i d e  c u r r e n t  
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I 
t o  support taking. 
remote uninhabited i s l a tnds  of the Northwestern Hawaiian Is lands,  would 
l ike ly  f a l l  i n  t h i s  category. 
recover l i k e  the sperm and gray whales have, may indeed provide consumptive 
uae again i n  the future .  Except i n  unusual circumstances where man has 
mismanaged a species  t e r r i b l y ,  t h e  forces  which drove a population near t o  
ex t inc t ion  a l s o  l i m i t  t.he species p o t e n t i a l  f o r  consumptive uae, 
humpback whale may sometime be hunted again,  b u t  because of i t s  low repro- 
ductive r a t e  s u c h  h u n t i n g  could not be widespread. 
consequently w i l l  have low consumptive d i r e c t  use benef i t s .  

The Hawaiian monk s e a l ,  f o r  example, l imited t o  a few 

I n  cont ras t ,  the  humpback whale i f  i t  can 

Thus ,  t h e  

Most endangered species 

Several authors hawe discussed the conditions where upon an unregu- 
la ted renewable resource could be driven t o  ext inct ion.  
common property resources such aa a f i shery ,  users t e n d  t o  undervalue the 
common resource. 
common access users act ing on individual  b u t  not communal i n t e r e s t  deplete  
the stock. I f  unregulated, t h e  f i s h e r i e s  tend t o  be driven t o  a point 
where minimal harvestable resources remain. 
harvesting small populations, t h e  f i shery  can be driven t o  ex t inc t ion  
(Clark 1973; Cropper e t  a l .  1979; S i n n  1982). 
renewable resource l i t e r a t u r e  includes a discussion of how preservation 
value could e n t e r  the standard f i s h i n g  model. Plourde (19751, Mil ler  
(1978, 1981), Miller and Menz (19791, and Porter  (1982) model preservation 
value as  being a value of the  stock i t s e l f .  
stock, t h e  g r e a t e r  i s  the d i f fe rence  between the pr iva te  re turns  t o  harvest 
and the s o c i a l  re turn .  
t o  measuring preservation value,  i t  does demonstrate t h a t  market mechanisms 
may lead t o  ex t inc t ion  even when preservation values a r e  high enough t o  
j u s t i f y  keeping the species a l ive .  

Unfortunately w i t h  

Instead of maintaining the resource wisely over time, t h e  

Depending upon the cost  of 

Another extension of t h i s  

The la rger  the value of the 

Although t h i s  l i t e r a t u r e  i s  not d i r e c t l y  per t inent  

I n  cont ras t ,  small populations of animals a t  least poten t ia l ly  could 
support r e l a t i v e l y  high q u a n t i t i e s  of nonconsumptive use. 
people aboard la rge  c ru ise  vesse ls  g e t  the pleasure of viewing whales i n  
Glacier Bay when there  may be only a few whales i n  the whole area. A 
s imi la r  phenomenon w i t h  smaller t o u r i s t  boats occurs off  the coasts  of 
Maui, Hawaii,and Cal i fornia ,  
s t a n t i a l  fees  j u s t  t o  be ab le  t o  view the animals a t  c loser  range. 

Thousands of 

Clearly individuals a r e  w i l l i n g  t o  pay sub- 

The a c t i v i t i e s  of n a t u r a l i s t s  who spend a large f r a c t i o n  of t h e i r  time 
as volunteers o r  lower paid professionals  observing w i l d l i f e  i s  another 
example of nonconsumptive use. Clearly,  these individuals a r e  receiving 
s u b s t a n t i a l  pleasure from t h e i r  int imate  contact w i t h  endangered species.  
Given the s i z a b l e  expenee and inconvenience endured by these dedicated 
researchers ,  the  value of the  species j u s t  t o  these i n d i v i d u a l s  alone i s  
c l e a r l y  subs tan t ia l .  

Which species  are Likely t o  have la rge  d i r e c t  use benef i t s?  Are a l l  
species of equal value? 
l i m i t e d ,  t h e  answer i s  probably no-people d i s t i n c t l y  value some species 
more than others .  The eagle,  e l k ,  and w h a l e  a r e  of d i s t i n c t  value because 
of t h e i r  s i z e ,  complexity, and  grace. They a r e  a l s o  of grea t  value because 
t h e y  are d i s t i n c t  from other  species i n  ways of i n t e r e s t  t o  man. 

Although empirical  evidence on t h i s  i s sue  i s  

r 
b 
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The taxonomist 's d e f i n i t i o n  of a species i s  any d i s t i n c t  group which 
does not interbreed w i t h  another group. 
t ions  across groups, however, may of ten  not be shared by users.  Thus ,  fo r  
example, there  may be 15 species  of w i l d  grass  w i t h  s u b t l y  d i f f e r e n t  char- 
a c t e r i s t i c s .  The des t ruc t ion  of 5 of these 15 grasses may go unobserved t o  
most people. 
whale would be a g r e a t  l o s s  t o  many users.  Uniqueness i s  not an a l l  o r  
nothing a t t r i b u t e .  
not necessar i ly  d i f f e r e n t  i n  important ways. Users probably care  about 
very u n i q u e  species  b u t  t h e i r  d e f i n i t i o n  of uniqueness i s  much broader than 
the taxonomist 's. 
as  unique. What i s  relevant--aeals i n  Hawaii, Hawaiian monk s e a l s ,  o r  a l l  
s e a l s  of a p a r t i c u l a r  type regardless  of location? 

The taxonomist's observed d is t inc-  

On the  other  hand, the demise of the bald eagle o r  humpback 

Every species by d e f i n i t i o n  i s  d i f f e r e n t ,  but they a r e  

O n l y  a f r a c t i o n  of the taxonomist's species  t r u l y  qual i fy  

Three techniques have been used t o  va lue  recrea t iona l  d i r e c t  use: 
hedonic t r a v e l  c o s t ,  market demand, and the contingent valuat ion method. 
The hedonic t r a v e l  cost  method (Brown and Mendelsohn i n  press)  learns from 
the choices users make about which s i t e s  t o  v i s i t ,  i.e., the value t h e y  
place on the c h a r a c t e r i s t i c s  of s i t e s .  Thus ,  i f  there  were a s e r i e s  of 
boat t r i p s  one could take on which some saw whales and some d i d  not,  it 
would be possible  t o  estimate the  individual value of the whales as  one of 
the t r i p ' s  c h a r a c t e r i s t i c s .  Unfortunately, f o r  humpback whales i n  Hawaii, 
the  l i m i t e d  choices of des t ina t ions  i n  which t o  encounter the whales would 
make i t  d i f f i c u l t  t o  separate  t h e  value of the whales from other  
c h a r a c t e r i s t i c s  of these areas .  

the 

Because a g r e a t  deal  of whale watching i s  done on p r i v a t e  boats which 
charge f e e s ,  i t  i s  possible  t o  use a market demand approach t o  estimate the 
user value of the  whales. 
worth t h e  f e e  the user pays f o r  the l a s t  t r i p  (otherwise it  would not be 
t h e  l a s t  t r i p ) .  
boat c a p i t a l ,  f u e l ,  and labor (crew). Assuming whale watching t r i p s  a r e  
generated competit ively,  t h e  marginal cost  of these services  i s  the pr ice  
paid f o r  the  las t  t r i p .  
( t h e  b e n e f i t s  equal t h e  cos t  of access).  The value of t h e  whales l i es  i n  
t h e  value of the inframarginal t r i p s  ( t h e  t r i p s  before t h e  l a s t  t r i p ) .  
i e ,  therefore ,  necessary t o  es t imate  the demand f o r  whale t r i p e .  T h i s  
demand funct ion can only be revealed i f  there  i s  observed p r i c e  var ia t ion  
leaving one of two p o s s i b i l i t i e s  of a t tack :  a cross-section s t u d y  across 
operators  o r  a time s e r i e s  analysis .  
e i t h e r  case i s  how t h e  number of whale watching t r i p s  (person t r i p s )  i s  
a f fec ted  by t h e  p r i c e  per person t r i p .  
unde r  t h i s  demand curve b u t  over the current  market pr ice ,  Po would r e f l e c t  
t h e  annual nonconsumptive use value of the resource (Pig .  1). 

The margina l  whale watching t r i p  i s  presumably 

However, each t r i p  a l s o  requires  subs tan t ia l  resources i n  

Thus ,  the  las t  t r i p  provides zero net benef i t s  

It 

The re la t ionship  of i n t e r e s t  i n  

The consumer s u r p l u s ,  t h e  area 

A t h i r d  possible  approach t o  measuring d i r e c t  nonconsumptive use is  t o  
ask users w h a t  they a r e  w i l l i n g  t o  pay t o  obtain access t o  t h e  whale. 
accuracy of t h e  response depends upon the q u a l i t y  of the question because 
i t  i s  necessary t h a t  the  respondent understand the hypothetical  question 
being posed, 
t o  va lue  whooping cranes a t  Aransas National Wildlife Refuge. 
v i s i t o r s  (i.e.,  users )  were wi l l ing  t o  pay $4.47 per year t o  v i s i t  t h e  

The 

S t o l l  and Johnson ( 1 9 8 4 )  have applied t h i s  technique i n  Texas 
They found 



6 

e - 
a: u a. 
w 

NUMBER OF WHALE WATCHING TRIPS 

F i g u r e  I.--The demand f o r  whale  wa tch ing  t r i p s .  

r e f u g e  w i t h  whooping c r a n e s  p r e s e n t  b u t  o n l y  $3.07 w i t h o u t  whooping c r a n e s .  
The d i f f e r e n c e ,  $1.40, is presumably  t h e  value of t h e  rare  b i r d .  Given t h e  
sample s i z e ,  t h i s  d i f f e r e n c e  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  5% level. 
M u l t i p l y i n g  by t h e  60,000-100,000 p e o p l e  p e r  y e a r  who v i s i t  t h e  r e f u g e  
s u g g e s t s  t h e  whooping c r a n e  p r o v i d e s  $84,000-$140,000 a n n u a l  b e n e f i t s  t o  
Aransas  N a t i o n a l  W i l d l i f e  Refuge u s e r s  a l o n e .  
of t h e  b i r d ,  t h e  t o t a l  v a l u e  t o  a l l  "users" i n c l u d i n g  p e o p l e  i n  o t h e r  
l o c a t i o n s  i s  presumably  a n  even l a r g e r  number. 

Given t h e  m i g r a t o r y  n a t u r e  

C l e a r l y  t h e  c o n t i n g e n t  v a l u a t i o n  approach  t o  measur ing  u s e r  v a l u e  
cou ld  b e  a p p l i e d  t o  value endangered  s p e c i e s  i n  t h e  Hawaiian I s l a n d s .  
example,  a l l  v i s i t o r s  t o  Maui and e s p e c i a l l y  t h o s e  p u r c h a s i n g  t h e  whale  
watching  t r i p s  c o u l d  b e  sampled t o  e v a l u a t e  t h e  humpback whale .  I n  par -  
t i c u l a r ,  i t  would be i n t e r e s t i n g  t o  know what  p e o p l e  would b e  w i l l i n g  t o  
pay f o r  an  i n c r e a s e d  p r o b a b i l i t y  o f  s e e i n g  a whale ,  how much more t h e y  
would pay t o  see t h e  whale  c l o s e r ,  and how much more t h e y  might  pay t o  see 
more t h a n  one  whale .  Given t h a t  f e w  v i s i t o r s  have s e e n  a whale  b e f o r e ,  i t  
might  also b e  i n t e r e s t i n g  t o  test whe the r  t h e i r  a t t i t u d e s  b e f o r e  s i g h t i n g 8  
were similar t o  t h e i r  r e s p o n s e s  a f t e r  e x p e r i e n c i n g  t h e  whale .  F i n a l l y ,  it 
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migh t  b e  i n t e r e s t i n g  t o  q u e r y  whe the r  t h e y  p e r c e i v e d  t h a t  t h e  whale was 
t h r e a t e n e d  o r  h a r a s s e d  by t h e i r  own a p p r o a c h ,  and i f  i t  was i n  f a c t  b e i n g  
harmed whe the r  t h e y  would p r e f e r  such  access e l i m i n a t e d .  

INDIRECT USE 

It is e n t i r e l y  p o s s i b l e  t h a t  i n  a d d i t i o n  t o  t h e  d i r e c t  v a l u e  o f  con- 
t ac t  be tween man and a p a r t i c u l a r  a n i m a l ,  t h e  a n i m a l  p r o v i d e s  a d d i t i o n a l  
b e n e f i t s  ( o r  c o s t s )  t h r o u g h  i t s  impact  on t h e  ecosystem. F o r  example,  
seals may ea t  a b a l o n e  o r  l o b s t e r s  and t h e r e b y  r e d u c e  t h e  p o p u l a t i o n  of t h i s  
d e s i r e d  d e l i c a c y .  
c o s t  measured t h r o u g h  a n o t h e r  s p e c i e s .  On t h e  o t h e r  s i d e  o f  t h e  l e d g e r ,  a n  
a n i m a l  may c o n t r o l  a p e s t .  F o r  example,  m o s q u i t o f i s h ,  Gambusia, c a t c h  
mosqu i to  larvae a n d  c o n t r o l  t h a t  p e s t  e f f e c t i v e l y  i n  loca l  areas. A l t e r n a -  
t i v e l y ,  f i s h  may b e  a n  i m p o r t a n t  s o u r c e  o f  food  f o r  v a l u a b l e  w i l d  or  game 
a n i m a l s  h i g h e r  i n  t h e  food  c h a i n .  

I n  t h i s  case, t h e  seal would be g e n e r a t i n g  a n  i n d i r e c t  

I n d i r e c t  u s e  c a p t u r e s  t h e  r e l e v a n c e  o f  t h e  s p e c i e s  t o  a n  ecosystem. 
Because e c o s y s t e m s  i n v o l v e  complex, i n t e r r e l a t e d  b a l a n c e s ,  t h e  e l i m i n a t i o n  
o f  a s p e c i e s  can  a f f e c t  t h e  r e m a i n i n g  p o p u l a t i o n s .  I n d i r e c t  u s e  i s  conse- 
q u e n t l y  a n  i m p o r t a n t  component of t h e  t o t a l  b e n e f i t s  o f  many s p e c i e s .  

The q u e s t i o n  w e  must f a c e ,  however, is  n o t  whe the r  i n d i r e c t  u s e  c o u l d  
e v e r  b e  i m p o r t a n t ,  b u t  r a t h e r  w h e t h e r  it i s  l i k e l y  t o  b e  a n  i m p o r t a n t  
component o f  endange red  s p e c i e s .  By d e f i n i t i o n ,  endange red  s p e c i e s  popula-  
t i o n s  are few i n  number and so g e n e r a l l y  are u n a b l e  t o  have a s i g n i f i c a n t  
impact  o n  t h e  environment .  For example,  w h e t h e r  OT n o t  a p o p u l a t i o n  OS a 
hundred small f i s h e s  were wiped o u t  i s  u n l i k e l y  t o  have a d e t e c t a b l e  e f f e c t  
on t h e  h i g h e r  food  c h a i n  s i n c e  s u c h  a small s o u r c e  o f  f o o d  i s  i r r e l e v a n t  t o  
i t s  p r e d a t o r s .  S i m i l a r l y ,  o n e  would t h i n k  t h a t  small p o p u l a t i o n s  o f  preda-  
to rs  are u n l i k e l y  t o  have any effect  on a p r e y  o f  s u f f i c i e n t  p o p u l a t i o n  t o  
b e  a n u i s a n c e  t o  man, 

T h i s  r e a s o n i n g ,  however, does have c o u n t e r  examples.  A rare moth, 
C a c t o b l a s t i s ,  t e n d s  t o  c o n t r o l  t h e  b e a v e r t a i l ,  O p u n t i a  c a c t u s ,  i n  p l a c e s  
where t h e  c a c t u s  grows n a t u r a l l y .  Thus,  when t h e  c a c t u s  was i n t r o d u c e d  
moth-free t o  A u s t r a l i a ,  i t  p rompt ly  ove rg rew v a l u a b l e  g r a z i n g  l a n d s .  The 
moth, t h e n  i n t r o d u c e d  i n t o  A u s t r a l i a  t e m p o r a r i l y  grew t o  l a r g e  p o p u l a t i o n s  
u n t i l  t h e  c a c t u s  o n c e  a g a i n  was rare. 
moth t h e n  became rare as well. 
small p o p u l a t i o n s  of p r e d a t o r s  can check a p o t e n t i a l  p r e y  p e s t  problem. 
Cr i t ica l  t o  t h i s  example,  of c o u r s e ,  is t h e  a b i l i t y  of t h e  rare s p e c i e s  t o  
m u l t i p l y  q u i c k l y  when t h e  p e s t  ( f o o d  s o u r c e )  r e a p p e a r s .  

With i t s  food  s o u r c e  r e d u c e d ,  t h e  
The p r e d a t o r - p r e y  cycle is  s u c b  t h a t  even 

Although t h e  moth may q u a l i f y  i n  t h i s  r e g a r d ,  most endange red  s p e c i e s  
are  p r o b a b l y  i n c a p a b l e  o f  s u c h  a r a p i d  r e c o v e r y  o f  numbers, 
open e m p i r i c a l  q u e s t i o n  whe the r  or  n o t  i n d i r e c t  use is  a s i z a b l e  component 
of t h e  b e n e f i t s  of m a i n t a i n i n g  a n  endange red  s p e c i e s ,  and t h e  p re sumpt ion  
must b e  t h a t  t h e y  are  n o t .  
endange red  s p e c i e s  are j u s t  below man i n  t h e  f o o d  c h a i n .  

Thus,  it is a n  

T h i s  i s  p a r t i c u l a r l y  true s i n c e  most n o t e d  
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SECOHDARY USE 
I 

It i s  c l e a r  from t h e  marke t  f o r  n a t u r e  photography,  n a t u r a l i s t  lec- 
t u r e s ,  and books abou t  n a t u r e  t h a t  p e o p l e  need n o t  d i r e c t l y  i n t e r a c t  w i t h  a 
s i t e  t o  g e t  v a l u e  from i t s  e x i s t e n c e .  Many end users  o b t a i n  b e n e f i t s  from 
n a t u r e  t h r o u g h  an i n t e r m e d i a r y  who has  gone t o  t h e  s i t e  and  c o n v e r t e d  t h i s  
e x p e r i e n c e  i n t o  an  i n t e r m e d i a t e  p roduc t :  a book, movie,  o r  l e c t u r e .  The re  
i s  no q u e s t i o n  b u t  that: t h e  i n t e r m e d i a t e  p roduc t  has v a l u e .  One cou ld  add 
up  a l l  t h e  money s p e n t  on  c a l e n d a r s ,  pho tographs ,  books ,  and movies  as a 
measure of t h e  v a l u e  of t h i s  i n t e r m e d i a t e  p r o d u c t .  But t h e  i s s u e  i s  n o t  
t he  va lue  o f  t h e i r  proclucts  b u t  r a t h e r  what is t h e  r e l a t i o n s h i p  be tween t h e  
n a t u r a l  s i t e  or t h e  endangered  an ima l  and t h e i r  p r o d u c t .  I n  p a r t i c u l a r ,  
there a r e  a t  least  th ree  q u e s t i o n s  t o  a s k .  ( 1 )  How much would t h e  t o t a l  
va lue  of s econdary  prodlucts b e  r educed  i f  a s p e c i e s  o r  n a t u r a l  area d i s a p -  
pea red?  ( 2 )  Is t h i s  s econdary  v a l u e  a l r e a d y  c a p t u r e d  by d i r e c t  u s e  mea- 
s u r e s ?  
d e c r e a s e  t h e  need t o  keep  t h e  s p e c i e s  a l i v e ?  

( 3 )  Does t h e  v e r y  e x i s t e n c e  o f  these secondary  p r o d u c t s  i n c r e a s e  or 

I f  there  were no c o s t s  t o  w r i t i n g  and producing  a p u b l i c a t i o n  (book,  
pho tograph ,  o r  movie)  a b o u t  a n  endangered  s p e c i e s ,  t h e  s p e c i e s  i t s e l f  cou ld  
c l a i m  t h e  en t i re  v a l u e  of t h e  p u b l i c a t i o n .  Wi thout  t h e  s p e c i e s ,  t h e  book 
cou ld  n o t  have been  w r i t t e n  and s o c i e t y  would have l o s t  t h e  o p p o r t u n i t y  t o  
e n j o y  t h i s  good. I n  r e a l i t y ,  o f  c o u r s e ,  i t  c o s t s  a g rea t  d e a l  t o  p roduce  
such  p u b l i c a t i o n s .  Wi thout  t h e  s p e c i e s ,  t h e  book would b e  l o s t  b u t  a l l  t h e  
p r i n t e r ' s ,  e d i t o r s ,  and wr i te r ' s  t i m e  and materials would b e  f r e e d  t o  p r i n t  
a n o t h e r  book. It i s  thle d i f f e r e n c e  i n  v a l u e  from t h e  n a t u r e  book on t h i s  
p a r t i c u l a r  endangered  s p e c i e s  and t h e  n e x t  b e s t  book which i s  t h e  net . 
c o n t r i b u t i o n  o f  t h e  endlangered s p e c i e s .  

F o r  example,  it is;  e v i d e n t  t h a t  t h e  pho tographs  of  Yosemite N a t i o n a l  
Park by Ansel  Adams are! t r u l y  e x q u i s i t e  p i e c e s  o f  a r t .  
had been  d e s t r o y e d  b e f o r e  Adams had r e a c h e d  t h e  v a l l e y ?  Would he  have  
i n s t e a d  produced j u s t  as b e a u t i f u l  images of a l t e r n a t i v e  s i t e s ?  Would 
Yosemite  b e  of  less v a l u e  i f  Adams Rad become a f a s h i o n  p h o t o g r a p h e r  
i n s t e a d  o f  p roduc ing  h i s  n a t u r e  p i c t u r e s ?  It i s  n o t  a t  a l l  c lear  t h a t  
s p e c i f i c  n a t u r a l  s i t es ,  i n  g e n e r a l ,  and i n d i v i d u a l  endange red  s p e c i e s ,  i n  
p a r t i c u l a r ,  g e n e r a t e  l a r g e  n e t  s econda ry  b e n e f i t s .  

What i f  Yosemite  

Suppose it were a g r e e d  t h a t  a p a r t i c u l a r  species d i d  c o n t r i b u t e  
s i g n i f i c a n t l y  t o  t h e  nelt value o f  a book o r  movie. 
a l r e a d y  c a p t u r e d  i n  t h e  d i r e c t  u s e  measure o f  t h e  s i t e ?  
upon t h e  t e c h n i q u e  used t o  measure  t h e  value of d i r e c t  use .  F o r  example,  
i f  a c o n t i n g e n t  v a l u a t i o n  approach  were used  and t h e  a u t h o r  or cameraman 
was i n t e r v i e w e d ,  t h e  v a l u e  such  i n d i v i d u a l s  shou ld  p l a c e  on access t o  t h e  
s i t e  i s  e q u a l  t o  t h e  v a l u e  o f  t h e  s i t e  i n  t h e i r  e n t e r p r i s e .  
a t rave l  cost  t e c h n i q u e  i s  used  and  t h e  a r t i s t ' s  r e l a t i v e l y  h i g h  demand f o r  
a c c e s s  t o  t h e  s i t e  i s  mleasured, t h i s  d i r e c t  use measure  cou ld  c o n c e i v a b l y  
c a p t u r e  a l l  o f  t h e  n e t  s econda ry  b e n e f i t s .  

Is  t h i s  net value 
The answer depends  

S i m i l a r l y ,  i f  

Pe rhaps  t h e  i s s u e  of secondary  b e n e f i t s  i s  n o t  t h a t  a n o t h e r  good must  
b e  measured b u t  r a t h e r  t h a t  t h e  measure  of  d i r e c t  u s e  must  be s e n s i t i v e  t o  
t h e  f a c t  t h a t  u s e r s  c r e a t i n g  secondary  p r o d u c t s  may have  u n u s u a l l y  h i g h  

b 

h 

i 
i 

I 
i 

i. 

L 

L 

I 

e 



9 

i 

I 

demand for these resources and should be carefu l ly  sampled. T h u s  the 
representa t ive  of a b i r d  society co l lec t ing  data  for  an annual lec ture ,  the  
f i l m  maker creat ing a documentary on an endangered species ,  and the wr i te r  
seeking d i r e c t  contact w i t h  nature may a l l  be h i g h  d i r e c t  use demanders not 
because of t h e i r  individual  t a s t e s  b u t  as  representat ives  of a large cl ien-  
t e l e .  It may therefore  be important t o  carefu l ly  measure the  d i r e c t  use of 
these a r t i s t i c  producers t o  estimate a representat ive value of the resource. 

Although i t  migh t  appear from t h e  above arguments t h a t  l i t t l e  impor- 
tance is  placed on the e f f o r t s  of n a t u r a l i s t s  and others  t o  reach the gen- 
e r a l  public through movies, books, l ec tu re s ,  and photographs, such a con- 
c lusion should not be drawn. 
products have a major benef ic ia l  impact on d i r e c t  use .  
v i s i t o r s  t o  w i l d  and na tura l  s i t e s  have been spurred on by books and 
documentaries of the  very s i t e s  they choose t o  v i s i t .  
increased d i r e c t  use of natura l  s i t e s  i n  the United S ta tes  Ls probably due 
a t  l e a s t  i n  pa r t  t o  the  growth i n  t h i s  country of a vast  array of revealing 
and sens i t i ve  book8, movies, and photographs of nature. T h i s  "inspira- 
t i ona l  value" on d i r e c t  use, however, should be captured by intertemporal 
measures of d i r e c t  use. A s  long as  the trend i n  d i r e c t  use i s  measured 
well ,  these secondary bene f i t s  should not be added t o  d i r e c t  use measures. 
To complete my discussion of the r o l e  of secondary products on the need t o  
keep species a l i v e ,  I m u s t  introduce the concept of existence value. The 
discussion of w h e t h e r  o r  not secondary products increase o r  decrease exis- 
tence value i s  discussed i n  the next section. 

It is  en t i r e ly  plausible  t h a t  these secondary 
Certainly many 

The widespread 

EXISTENCE VALUE 

Existence value i s  a concept f i r s t  ra ised by K r u t i l l a  (1967) i n  h i s  
of ten c i t ed  a r t i c l e  on the bene f i t s  of conservation. Existence value i s  a 
payment individuals  a r e  w i l l i n g  t o  make t o  preserve a species (or  natural  
area)  which t h e y  have no in ten t ion  of ever v i s i t i n g .  
obtain pleasure j u s t  from the knowledge tha t  a creature  o r  na tura l  wonder 
i s  being preserved. 
c l ea r ly  should be  added t o  d i r e c t  use as a measure of t o t a l  preservation 
value. 

People supposedly 

Since it i s  independent of use, exis tence value 

There have been severa l  attempts t o  measure existence value u s i n g  
contingent valuat ion methods. Schulze e t  a l .  (1983) estimated tha t  99X of 
t h e  value of preserving v i s i b i l i t y  i n  southwest parks could be existence 
value. 
wilderness i n  Colorado is  existence value. F ina l ly ,  Greenlep e t  a l .  (1981) 
estimate t h a t  17% of the  value of saving water qua l i ty  i n  the South P l a t t e  
River i s  existence value. 

Walsh e t  a l .  (1984) f i n d  almost 20% of the  value of preserving 

Although exis tence value is  an i n t r i g u i n g  concept, it is  easy t o  be 

Is i t  possible 
skept ica l  about the empirical  results. After a l l ,  exis tence value i s  
supposed t o  be completely devoid of po ten t ia l  use value. 
these hypothetical  questions were posed t o  eliminate a l l  po ten t i a l  use? 
For example, Walsh e t  a l .  (1984) ask what percentage of t o t a l  will ingness 
t o  pay f o r  wilderness preservat ion i s  due t o  the  s a t i s f a c t i o n  from knowing 
tha t  it e x i s t s  a s  a na tura l  habi ta t  f o r  f i s h ,  plants ,  w i ld l i f e ,  e tc .  A t  
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f i r s t  glance, i t  would appear t h i s  question i s  asking why the respondent 
would value going t o  a well known and v i s i t e d  s i t e  (because i t  is natura l  
and not developed). --- must not v i s i t  t h e  s i t e ,  s ince even poten t ia l  v i s i t s  a r e  re f lec ted  i n  
measures of d i r e c t  use. Greenley e t  a l .  (1981) assume t h a t  exis tence value 
i s  what nonusers a r e  wi l l ing  t o  pay t o  preserve water q u a l i t y ,  Again there  
i s  no carefu l  caveat t o  prevent d i r e c t  use from entering the  evaluator 's  
judgment. It i s  highly l i k e l y  t h a t  most, and possibly a l l ,  of the measured 
exis tence values a r e  merely capturing a component of use value e i t h e r  f o r  
the respondent o r  on behalf of the  respondent. A s  such, it i s  not a t  a l l  
c l e a r  t h a t  preservation value is  the sum of use and exis tence value. 

Nowhere i n  the question i s  the caveat t h a t  the person 

I n  addi t ion t o  being d i f f i c u l t  t o  quant i fy ,  there  i s  reason t o  suspect 
t h a t  exis tence value may not even e x i s t .  After a l l ,  why would people value 
something w i t h  which they have no contact and f o r  which they cannot a n t i c i -  
pate  contact.  
would they even know i t  was not there  when it ceased t o  e x i s t ?  Clear ly ,  i f  
a l o t  of u s  possessed subs tan t ia l  existence value,  i t  would give a shyster 
a l o t  of room t o  maneuver as he promised t o  preserve t h i n g s  b u t  never d i d ,  
Could we r i g h t f u l l y  complain? 
v e r i f i c a t i o n  t h a t  the  c rea ture  remained. 
"yes, 
an occasional book would do. B u t  i f  t h i s  i s  a l l  we want t o  know of t h e  
c r e a t u r e ' s  exis tence,  w h a t  would stop the shyster  from making several  such 
f i lms and books and t h e n  destroying t h e  creature.  Do t h e  books and f i lms 
become a s u b s t i t u t e  f o r  t h e  long dead creature .  
people 's  notion of exis tence value i s  probably another form of use value,  
and probably should not be added t o  d i r e c t  and secondary use value. 

What difference would it make i f  it was not  there? How 

Perhaps we could i n s i s t  on t h i r d  party 
Would we pay a l o t  t o  hear a 

Perhaps a f i lm of t h e  creature  and 11 o r  would we want t o  know more. 

It appears t h a t  most 

To t e s t  f o r  exis tence value,  i t  i s  necessary t o  e l iminate  poten t ia l  
u s e  from consideration, For example, how much would you pay a mi l l iona i re  
who owned h i s  own i s l a n d  t o  preserve some small f i s h  i n  t h e  middle of h i s  
property i f  it was c lear  t h a t  public access would never be granted t o  the 
area. O r ,  how much would you pay t o  protect  an endangered mammal who l ived 
safe ly  on a rad ioac t ive  is land t h a t  could not even be approached f o r  a 
thousand years by  human beings. Casual empirical evidence suggests t h a t  
t r u e  existence value i s  zero. 

BEQUEST VALUE 

Another source of the  b e n e f i t s  of conservation l i s t e d  by K r u t i l l a  
(1967) is bequest value. 
ing t o  pay t o  have more c a p i t a l  o r  land devoted t o  conservation than  
a l t e r n a t i v e  uses f o r  h i s  chi ldren t o  enjoy. Like exis tence value,  t h i s  
concept has been quant i f ied w i t h  contingent valuation methods by Walsh e t  
a l .  (1984) and Greenley e t  a l .  (1981). 
18 and 14% of t o t a l  preservation value i n  the two s t u d i e s ,  respectively.  
"Bequest value i s  defined as t h e  will ingness t o  pay f o r  t h e  s a t i s f a c t i o n  
derived from endowing f u t u r e  generations w i t h  w i lde rness  resources" (Walsh 
e t  a l .  1984). 

Bequest value i s  how much an individual  i s  w i l l -  

Bequest value was found t o  be about 
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As d i  u s  d i n  t h e  i n t r o d u  t i o n ,  t h e  p r e s e n t  v a l u  f u  i s  t h e  
d i s c o u n t e d  v a l u e  o f  a l l  f u t u r e  u s e  o f  t h e  r e s o u r c e .  
t o  t e l l  i n  what  way b e q u e s t  v a l u e  d i f f e r s  f rom t h e  s t r i n g  of d i s c o u n t e d  
f u t u r e  b e n e f i t s  of users. Beques t  v a l u e  a p p e a r s  t o  b e  f u t u r e  user v a l u e  
c a l l e d  by a d i f f e r e n t  name. Assuming i t  smells as  sweet, it seems reason-  
a b l e  t o  c o n t i n u e  u s i n g  t h e  c o n c e p t  of p r e s e n t  v a l u e  of use .  I f  f u t u r e  u s e  
i s  p r o p e r l y  i n c o r p o r a t e d  i n t o  d i r e c t  u s e  measu res ,  b e q u e s t  value is redun-  
d a n t  and shou ld  be ignored .  

I t  i s  v e r y  d i f f i c u l t  

SCIENTIFIC VALUE 

Many f i e l d s  of s c i e n c e  g a i n  e r b p i r i c a l  knowledge th rough  expe r imen t s  
made unde r  a r t i f i c i a l  and c o n t r o i l e d  s e t t i n g s .  I t  i s  e v i d e n t ,  however, 
t h a t  n a t u r e  i t s e l f  pe r fo rms  e x p e r i m e n t s  a l t h o u g h  w i t h o u t  t h e  care of con- 
t r o l s .  
b e c a u s e  of t h e  complex i ty  of t h e  s e t t i n g s ,  t h e y  p r o v i d e  o p p o r t u n i t i e s  which 
might  o t h e r w i s e  b e  los t .  F o r  example,  what would happen i n  t h e  long  r u n  i f  
one  took  a c o l d  water m a m m a l  and p l a c e d  it i n  warm w a t e r ?  Over 200 years, 
what b e h a v i o r a l  and p o s s i b l e  p h y s i o l o g i c a l  changes  would be adop ted  by t h e  
an ima l?  C l e a r l y ,  a c o n t r o l l e d  expe r imen t  a l o n g  such  l i n e s  o f  i n q u i r y  cou ld  
be e s t a b l i s h e d  b u t  o n l y  a t  c o n s i d e r a b l e  cost  and a g r e a t  d e a l  o f  p a t i e n c e .  
By s t u d y i n g  t h e  endangered  monk seal i n  H a w a i i ,  t h e  answer  to t h i s  q u e s t i o n  
might  b e  e v i d e n t  w i t h  j u s t  a modest  program. 

Al though t h e s e  n a t u r a l  e x p e r i m e n t s  can  b e  d i f f i c u l t  t o  a n a l y z e  

Endangered s p e c i e s  may c o n t a i n  o r  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  which 
would f o r e v e r  b e  l o s t  upon e x t i n c t i o n .  
s p e c i e s  i s  t h e  p r e s e n t  v a l u e  o f  all t h e  knowledge t h e  s p e c i e s  cou ld  p r o v i d e  
i f  i t  remained a l i v e .  
m u s t  be s t u d i e d .  
mals, i t  would h e l p  t o  know which s p e c i e s  are l i k e l y  t o  c o n t a i n  u n i q u e  
s c i e n t i f i c  i n f o r m a t i o n .  

The s c i e n t i f i c  v a l u e  of endangered  

Of c o u r s e ,  t o  o b t a i n  knowledge from a s p e c i e s  i t  
With 50,000 v e r t e b r a t e  s p e c i e s  and over 2 m i l l i o n  a n i -  

Many a n i m a l s  used  i n  l a b o r a t o r y  e x p e r i m e n t s  are  v a l u a b l e  b e c a u s e  t h e y ,  
i n  o n e  way o r  a n o t h e r ,  r e semble  man. They are  a l so  v a l u a b l e  because  t h e y  
a re  numerous,  and so i n d i v i d u a l s  are r e l a t ive ly  expendable .  T h i s  a f f o r d s  
s c i e n t i s t s  a d d i t i o n a l  l a t i t u d e  n o t  p e r m i t t e d  on human s u b j e c t s .  C l e a r l y  
endangered  s p e c i e s  are u n s u i t a b l e  f o r  t h i s  t y p e  of work b e c a u s e  ( p e r h a p s  
f o r  d i f f e r e n t  r e a s o n s )  t h e y  a re  j u s t  as v a l u a b l e  as humans. 
t o  b e  t a k e n  of t h e i r  welfare t h a t  o n l y  g e n t l e  e x p e r i m e n t s  can b e  performed.  
The g e n t l e r  t h e  d i s t u r b a n c e  of  a c r e a t u r e ,  t h e  more s u b t l e  h i s  r e s p o n s e ,  
and so e v e r  more s e n s i t i v e  measurements  are needed on  l a r g e r  p o p u l a t i o n s .  
C l e a r l y ,  l a r g e  p o p u l a t i o n  e x p e r i m e n t s  are a l s o  d i f f i c u l t  w i t h  endangered  
s p e c i e s .  

Such care has 

A f i n a l  n o t e  i s  t h a t  s c i e n t i f i c  v a l u e  i s  n o t  g e n e r a l l y  long  l i v e d .  
Once a s p e c i e s  p r o v i d e s  t h e  key t o  a s c i e n t i f i c  i s s u e ,  it i s  no l o n g e r  
u s e f u l  f o r  t h a t  purpose .  Thus i f  a n  endangered  s p e c i e s  p r o v i d e s  a new 
b i o c h e m i c a l  which  i e  t h e n  produced by a r t i f i c i a l  means, i t  is no l o n g e r  
n e c e s s a r y  t o  p r e s e r v e  t h e  s p e c i e s .  The s c i e n t i f i c  v a l u e  of a s p e c i e s  i s  
t h e  p r e s e n t  v a l u e  of a l l  t h e  c l u e s  t h e  p o p u l a t i o n  h a s  y e t  t o  p rov ide .  
a d i s c o v e r y  is made, t h e  s c i e n t i f i c  value o f  t h e  s p e c i e s  i s  reduced .  (A 
p o s s i b l e  e x c e p t i o n  t o  t h i s  r u l e  i s  t h e  d i s c o v e r y  t h a t  t h e  s p e c i e s  i s  i d e a l  

Once 
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f o r  a l i n e  o f  e x p e r i m e n t a t i o n .  
s p e c i e s  are p a r t i c u l a r l y  i n a p p r o p r i a t e  f o r  t h i s  t y p e  of r e s e a r c h  b e c a u s e  o f  
t h e i r  small numbers.) 

But as d i s c u s s e d  ea r l i e r ,  endange red  
i 

a 

CEIEMICAE MIAIRG 

Wild s p e c i e s  have been  q u i t e  u s e f u l  o v e r  t h e  y e a r s  t o  a g r i c u l t u r e ,  
m e d i c i n e ,  and i n d u s t r y  as a s o u r c e  o f  g e n e t i c  material  and o r g a n i c  com- 
pounds. 
been  a t t r i b u t e d  t o  improved g e n e t i c  s t r a i n s  (Myers 19831,  
i m p o r t a n t  t o o l s  o f  t h e s e  g e n e t i c i s t s  i s  a l a r g e  g e n e  pool--fed by w i l d  
s t o c k s .  Fo r  example,  a new s t r a i n  o f  w i l d  c o r n ,  d i p l o D e r e n n i s ,  was 
r e c e n t l y  d i s c o v e r e d  i n  t h e  Mexican moun ta ins .  Not o n l y  i s  t h i s  w i l d  c o r n  
res i s tan t  t o  several o f  t h e  i n s e c t s ,  f u n g i ,  nematodes,  and  b a c t e r i a  which 
a t t a c k  o u r  c u r r e n t  c r o p s ,  b u t  i t  i s  a l s o  a p e r e n n i a l ,  If t h i s  s t r a i n  can  
be c r o s s e d  w i t h  c u r r e n t  c o r n  i n t o  a s u c c e s s f u l  p e r e n n i a l ,  it c o u l d  save 
farmers m i l l i o n s  o f  dol lars  i n  plowing and sowing costs. 

Some 40% o f  t h e  i n c r e a s e  i n  American a g r i c u l t u r a l  p r o d u c t i v i t y  h a s  
One of t h e  most 

Wild o rgan i sms  have a l s o  been  t h e  s o u r c e  of a l m o s t  h a l f  o f  t h e  p re -  
s c r i p t i o n  d r u g s .  
t o  c h i l d  l eukemia ,  a Greek s p e c i e s  of  f o x g l o v e  c o n t r o l s  h i g h  b l o o d  p res -  
s u r e ,  a C a r i b b e a n  sponge  is  e f f e c t i v e  a g a i n s t  h e r p e s  e n c e p h a l i t i s ,  and 
p u f f e r f i s h  p r o d u c e  compounds which b l o c k  n e r v e  t r a n s m i s s i o n s ,  t o  name j u s t  
a few o f  t h e  s o u r c e s  o f  t o d a y ' s  m e d i c a l  c h e m i c a l s .  

The 'rosy p e r i w i n k l e  from t r o p i c a l  f o re s t s  p r o v i d e s  a c u r e  

I n d u s t r y ,  as w e l l ,  borrows from t h e  w i l d  f o r  many of i t s  p r o d u c t s .  
T r o p i c a l  c o r a l  reefs p r o v i d e  s t a b i l i z e r s  and e m u l s i f i e r s  which g o  i n t o  
hundreds  of p r o d u c t s  i n c l u d i n g  p l a s t i c s ,  p o l i s h e s ,  waxes, d e t e r g e n t s ,  etc. 
Organ ic  c h e m i c a l s  from l i v i n g  p l a n t s ,  p h y t o c h e m i c a l s ,  c o u l d  a l s o  eerve as a 
s u b s t i t u t e  f o r  petroleum-based c h e m i c a l s  if t h e  p r i c e  o f  c r u d e  o i l  g e t s  too 
h igh .  

The f a c t  t h a t  man depends upon w i l d  p l a n t s  and animals i s  u n q u e s t i o n -  
a b l e .  The i s s u e ,  however, is w h e t h e r  a l l  w i l d  p l a n t s  and a n i m a l s  s h o u l d  b e  
p r e s e r v e d  j u s t  b e c a u s e  some s p e c i e s  have become u s e f u l .  
mate t h e r e  are 250,000 f l o w e r i n g  p l a n t s  and be tween 2.5 m i l l i o n  and 12  
m i l l i o n  a n i m a l  s p e c i e s .  To a r g u e  t h a t  i t  would b e  f o o l i s h  t o  wipe  out a l l  
o f  t h e s e  w i l d  s p e c i e s  i.8 n o t  t o  conc lude  t h a t  e a c h  s p e c i e s  i s  v a l u a b l e ,  
Even a c u r s o r y  s c r e e n i n g  o f  each  of  t h e s e  s p e c i e s  would p r o b a b l y  b e  s u f f i -  
c i e n t  t o  i d e n t i f y  which  s p e c i e s  i s  wor th  keep ing .  
f i n d i n g  a v a l u a b l e  s p e c i e s  from t h e s e  vast  p o o l s  is  g e n e r a l l y  low, so t h a t  
most w i l d  s p e c i e s  c a n n o t  b e  j u s t i f i e d  as a s o u r c e  of u s e f u l  c h e m i c a l s ,  

E c o l o g i s t s  esti- 

The p r o b a b i l i t y  o f  

The a p p l i c a t i o n  o f  c h e m i c a l  mining t o  endangered  p l a n t s  and a n i m a l s  
h a s  t h e  a d d i t i o n a l  problem of d e s t r o y i n g  i n d i v i d u a l  specimens.  C l e a r l y ,  i f  
t h e  s p e c i e s  p o p u l a t i o n  i s  small, it w i l l  b e  a poor s o u r c e  of l a r g e  q u a n t i -  
t i e s  of any chemica l .  
become a small r e n e w a b l e  r e s o u r c e  e f for t  or  a t empora ry  and f a t a l  nonrenew- 
a b l e  r e s o u r c e  c o l l e c t i o n .  Direct chemica l  mining o f  a n  endange red  s p e c i e s  
c o u l d  b e  a t t r a c t i v e  o n l y  i f  t h e  s p e c i e s  c o u l d  be made t o  grow q u i c k l y  w i t h  
h e l p  from man, Even h e r e ,  t h e  d a n g e r  of t a k i n g  t h e  s p e c i e s  from t h e  w i l d  
t o  c u l t i v a t e d  env i ronmen t  c o u l d  l e a d  t o  i t s  a c c i d e n t a l  d e s t r u c t i o n .  

Direct chemica l  mining of t h e  s p e c i e s  would e i t h e r  

I 

h 

u 

r 

t 



13 

The most l i k e l y  avenue  by which an  endangered  s p e c i e s  cou ld  p r o v i d e  
m e d i c a l ,  a g r i c u l t u r a l ,  OF i n d u s t r i a l  a s s i s t a n c e  i s  by b e i n g  a s o u r c e  of 
i n f o r m a t i o n  and n o t  a s o u r c e  of d i r e c t  chemica l s .  T h i s  p e r s p e c t i v e  i s  
d i s c u s s e d  more f u l l y  i n  t h e  p r e v i o u s  s e c t i o n  on  s c i e n t i f i c  value. 

I n  c o n c l u s i o n ,  most  endangered  s p e c i e s  have no known chemica l s  which 
are  of s p e c i a l  v a l u e  f o r  a g r i c u l t u r e ,  med ic ine ,  or i n d u s t r y ,  The few 
species w h i c h  a re  c l e a r l y  u s e f u l ,  l i k e  d i p l o p e r e n n i s ,  can  j u s t i f y  t h e i r  
e x i s t e n c e  s o l e l y  as  a s o u r c e  of  new g e n e t i c s  o r  chemical material .  How- 
ever, even i n  t h e s e  s p e c i a l  c a s e s ,  t h e  f a c t  t h a t  a w i l d  s p e c i e s  may b e  
endangered  ( b e  c l o s e  t o  e x t i n c t i o n )  l owers  i t s  p o t e n t i a l  value as a chem- 
i c a l  s o u r c e  b e c a u s e  e x p e r i m e n t a t i o t l  is s e v e r e l y  l i m i t e d  by t h e  r i s k  o f  
d e s t r u c t i o n ,  
f i t s  m u s t  b e  c u r t a i l e d  by t h e  p o s s i b i l i t y  t h e  e e a r c h  may i t s e l f  l e a d  t o  
e x t i n c t i o n .  Thus,  a l t h o u g h  a n  o c c a s i o n a l  s p e c i e s  h a s  d i r e c t  and subs t an -  
t i a l  v a l u e  t o  a g r i c u l t u r e ,  med ic ine ,  o r  i n d u s t r y ,  a c o l l e c t i o n  o f  a thou-  
sand  unknown b u t  endange red  s p e c i e s  p robab ly  h a s  a low e x p e c t e d  v a l u e  f o r  
chemica l  min ing ,  

Even t h e  p r o c e s s  of s c r e e n i n g  t h e  p l a n t s  f o r  p o t e n t i a l  bene- 

QUASI-OPTIOR VALUE 

The concep t  of q u a s i - o p t i o n  v a l u e  was f i r s t  d i s c u s s e d  f o r m a l l y  by 
They posed a s i t u a t i o n  where a n  i r r e v e r s i b l e  Arrow and F i s h e r  ( 1 9 7 4 ) .  

d e c i s i o n  i s  b e i n g  c o n t e m p l a t e d  unde r  u n c e r t a i n t y .  The d e c i s i o n  cou ld  b e  
made now o r  i t  c o u l d  b e  pos tponed  u n t i l  more i n f o r m a t i o n  was a v a i l a b l e  ( t h e  
u n c e r t a i n t y  r e d u c e d ) ,  The v a l u e  of  w a i t i n g  i s  q u a s i - o p t i o n  v a l u e .  T h i s  
concep t  c l e a r l y  p e r t a i n s  t o  endangered  s p e c i e s  b e c a u s e  once  t h e  d e c i s h n  
f o r  d e s t r u c t i o n  i s  made i t  i s  i r r e v e r s i b l e .  It i s  a l s o  t r u e  t h a t  t h e  
p r e s e n t  v a l u e  of t h e  f u t u r e  streams of b e n e f i t s  o f  p r e s e r v a t i o n  and pos- 
s i b l e  development  i s  u n c e r t a i n ,  

As Conrad (1980) n o t e s ,  q u a s i - o p t i o n  value i s  t h e  p r e s e n t  v a l u e  o f  
more i n f o r m a t i o n .  Because f u t u r e  b e n e f i t s  of i n f o r m a t i o n  m u s t  b e  d i s -  
coun ted ,  f o r  q u a s i - o p t i o n  value t o  b e  l a r g e ,  w e  must b e  l e a r n i n g  a l o t  
a b o u t  t h e  b e n e f i t s  and c o s t s  of p r e s e r v a t i o n  i n  t h e  n e a r  f u t u r e .  It is  
o n l y  i f  we can  make b e t t e r  d e c i s i o n s  abou t  whe the r  t o  p r e s e r v e  o r  d e s t r o y  
i n  t h e  n e a r  f u t u r e ,  t h a t  it pays  t o  pos tpone  making t h e  d e c i s i o n .  
our s low a c c u m u l a t i o n  of i n f o r m a t i o n  abou t  t h e  long-term v a l u e  o f  w i l d  
s p e c i e s  and t h e  h i g h  c o s t  of c o l l e c t i n g  t h i s  i n f o r m a t i o n ,  q u a s i - o p t i o n  
v a l u e  w i l l  t e n d  t o  b e  low. 

Given 

In s p e c i f i c  cases, however,  q u a s i - o p t i o n  v a l u e  cou ld  b e  e i z a b l e  f o r  a 
s h o r t  p e r i o d  of t i m e .  
p l a n t  were d i s c o v e r e d  i n  an u n t r a v e l e d  p a r t  of t h e  wor ld .  A p e r f e c t  exam- 
p l e  would b e  t h e  d i s c o v e r y  o f  % d i R l o R e r e n n i s  i n  Mexico. U n t i l  e x p e r i -  
m e n t a t i o n  w i t h  t h i s  c o r n  i s  comple ted ,  i t  would p r o b a b l y  b e  f o o l i s h  t o  wipe 
o u t  i t s  h a b i t a t .  The flow of  i n f o r m a t i o n  coming abou t  t h e  p o t e n t i a l  use- 
f u l n e s s  o f  t h i s  s p e c i e s  c l e a r l y  w a r r a n t s  pos tpon ing  i t s  d e s t r u c t i o n .  
Q u a s i - o p t i o n  v a l u e ,  when i t  e x i s t s ,  w i l l  t e n d  t o  b e  s h o r t  l i v e d .  The v e r y  
p r o c e s s  o f  r e d u c i n g  t h e  u n c e r t a i n t y  abou t  t h e  b e n e f i t s  o f  a s p e c i e s ,  t h e  
s o u r c e  of t h e  q u a s i - o p t i o n  v a l u e ,  e v e n t u a l l y  l e a d s  t o  a more o r  less cer- 
t a i n  c h o i c e .  

F o r  example,  suppose  a new s p e c i e s  o f  an ima l  or  

A t  t h i s  p o i n t ,  q u a s i - o p t i o n  value f a l l s  t o  z e r o ,  and t h e  
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s p e c i e s  i s  e i t h e r  k e p t  or d e s t r o y e d  based  on i t s  known o t h e r  b e n e f i t s  and 
c o s t s  

I t  i s  a l s o  c l ea r  t h a t  ecosys tems or s p e c i e s  w h i c h  do n o t  have s u f f i -  
c i e n t  p o t e n t i a l  t o  a t t r a c t  research i n t e r e s t  w i l l  n o t  g e n e r a t e  enough new 
i n f o r m a t i o n  t o  w a r r a n t  a p o s i t i v e  q u a s i - o p t i o n  v a l u e .  
e m p i r i c a l  c o n c e p t ,  q u a s i - o p t i o n  v a l u e  o n l y  a p p l i e s  t o  s p e c i e s  which are o f  
c u r r e n t  r e s e a r c h  i n t e r e s t .  

A s  a mean ingfu l  

OPTION VALUE 

Although q u a s i - o p t i o n  v a l u e  and o p t i o n  v a l u e  have similar names and 
As j u s t  d e a l  w i t h  q u e s t i o n s  o f  u n c e r t a i n t y ,  t h e y  a re  d i s t i n c t  c o n c e p t s ,  

d i s c u s s e d ,  q u a s i - o p t i o n  v a l u e  i s  concerned  w i t h  i n t e r t e m p o r a l  d e c i s i o n s  
unde r  u n c e r t a i n t y  which a re  i r revers ib le .  Op t ion  v a l u e ,  i n  c o n t r a s t ,  is a 
s t a t i c  concep t  conce rned  w i t h  v a l u i n g  p r o j e c t s  unde r  u n c e r t a i n t y .  As f i r s t  
vague ly  e x p r e s s e d  by Weisbrod (19641,  o p t i o n  value was d e s c r i b e d  as what 
p e o p l e  would b e  w i l l i n g  t o  pay above consumer s u r p l u s  s imply  f o r  t h e  o p t i o n  
( o r  chance )  t o  have  a good o r  service. It was wide ly  f e l t  by env i ronmen ta l  
economis t s  ( C i c h e t t i  and Freeman 1971;  K r u t i l l n  and F i s h e r  19751,  t h a t  t h e  
o p t i o n  v a l u e  f o r  c o n s e r v a t i o n  areas i n c l u d i n g  r a re  s p e c i e s  would t e n d  t o  b e  
p o s i t i v e .  Thus ,  i n  a d d i t i o n  t o  t h e  expec ted  v a l u e  of a l l  t h e  u t i l i t a r i a n  
b e n e f i t s  l i s t e d  i n  t h i s  p a p e r ,  t h e r e  would b e  a n  added " r i s k  premium" made 
i n  f a v o r  o f  p r e s e r v a t i o n ,  

Subsequent  r e s e a r c h  by Schmalensee (19721 Anderson (19811,  Graham 
(19811,  Bishop (19821,  Mendelsohn and S t r a n g  ( i n  p r e s s )  ha8 shown t h a t  
o p t i o n  v a l u e  i s  n o t  t h e  same as a f i n a n c i a l  o p t i o n .  
o p t i o n ,  a p u r c h a s e r  h a s  t h e  r i g h t  t o  buy a good a t  a s p e c i f i e d  p r i c e  i n  t h e  
f u t u r e .  If  t h e  p r i c e  of t h e  good becomes h i g h e r  t h a n  t h e  s p e c i f i e d  p r i c e ,  
t h e  p u r c h a s e r  can  e x e r c i s e  h i s  o p t i o n  and a p r o f i t .  
good ends  u p  b e i n g  loweic t h a n  t h e  s p e c i f i e d  p r i c e ,  t h e  p u r c h a s e r  o f  t h e  
f i n a n c i a l  o p t i o n  s imply  le ts  h i s  o p t i o n  e x p i r e .  Op t ion  p r i c e ,  i n  c o n t r a s t ,  
r e q u i r e s  t h e  p u r c h a s e r  t o  buy t h e  good a t  t h e  s p e c i f i e d  p r i c e .  
o f  t h e  good becomes h i g h e r ,  o p t i o n  p r i c e  r e s e m b l e s  t h e  f i n a n c i a l  o p t i o n  
b e c a u s e  t h e  f i n a n c i a l  o p t i o n  w i l l  be e x e r c i s e d .  
lower  t h a n  t h e  s p e c i f i e d  p r i c e ,  however,  t h e  p u r c h a s e r  of  o p t i o n  p r i c e  must 
buy t h e  good a t  t h e  s p e c i f i e d  p r i c e .  U n l i k e  t h e  f i n a n c i a l  o p t i o n ,  t h e  
p u r c h a s e r  must  always p u r c h a s e  t h e  good a t  t h e  s p e c i f i e d  p r i c e .  Because t h e  
a c t u a l  p r i c e  o f  t h e  good may b e  lower  t h a n  t h e  s p e c i f i e d  p r i c e ,  o p t i o n  p r i c e  
may l o c k  t h e  p u r c h a s e r  i n t o  a l o s i n g  p o s i t i o n .  

With a . f i n a n c i a 1  

I f  t h e  p r i c e  o f  t h e  

If  t h e  p r i c e  

I f  t h e  p r i c e  of  t h e  good i s  

Expected  consumer s u r p l u s  i s  t h e  measure  o f  what p e o p l e  would pay fo r  
t h e  a c t u a l  service o r  good t h e y  receive. 
c o n s e q u e n t l y  v a r i e s  w i t h  t h e  l e v e l  o f  service.  The o p t i o n  p r i c e  payment, 
i n  c o n t r a s t ,  i s  t h e  same r e g a r d l e s s  of t h e  a c t u a l  level  of service, L e t  us 
c o n t r a s t  t h e s e  t w o  measures  i n  a s i m p l e  example.  Suppose p e o p l e ' s  tastes 
were such  t h a t  t h e y  wou1.d b e  w i l l i n g  t o  pay a d o l l a r  f o r  each  whale  t h e y  
see d u r i n g  a s i n g l e  boat. t r i p .  Thus,  i f  no wha les  are s i g h t e d ,  t h e i r  
w i l l i n g n e s s  t o  pay would b e  ze ro .  Under e x p e c t e d  consumer s u r p l u s ,  t h e y  
would pay n o t h i n g  b u t  unde r  o p t i o n  p r i c e  t h e y  would have t o  pay a s p e c i f i e d  
p r i c e .  S i m i l a r l y ,  suppose  t h e y  saw 10  wha les  (and  t h e  a v e r a g e  on a l l  t r i p s  

The consumer s u r p l u s  payment 
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i s  5 1 ,  u n d e r  consumer s u r p l u s  t h e y  would have to pay $10 b u t  u n d e r  o p t i o n  
p r i c e  t h e y  would have  t o  pay o n l y  t h e  s p e c i f i e d  p r i c e .  Thus t h e  d i f f e r e n c e  
be tween e x p e c t e d  consumer s u r p l u s  and o p t i o n  p r i c e  i s  t h e  method 0f pay- 
ment. Under consumer s u r p l u s ,  you a lways  pay f o r  what  you g e t .  Under 
option p r i c e ,  you always pay t h e  same amount, w h e t h e r  you g e t  i t  or not. 

Op t ion  v a l u e  i s  a r e l e v a n t  concep t  b e c a u s e  many p u b l i c  p r o j e c t s  are  
f i n a n c e d  f rom g e n e r a l  t a x  r evenues .  Thus,  one  pays  a s i n g l e  amount f o r  
e a c h  pa rk  and e a c h  s p e c i e s  r e g a r d l e s s  of t h e  a c t u a l  v a l u e  of t h e  good. I n  
c o n t r a s t ,  t h e  p a r k  t e n d s  t o  be v a l u e d  a c c o r d i n g  t o  i t s  e x p e c t e d  consumer 
s u r p l u s p  t h a t  i s ,  t h e  a c t u a l  v a l u e  t o  u s e r s c  Thus o u r  measu re  o f  value i s  
i n c o n s i s t e n t  w i t h  o u r  measure  of payment. 
consumer s u r p l u s ,  t h e  method of payment i s  o p t i o n  p r i c e .  If  o p t i o n  p r i c e  
exceeds  consumer s u r p l u s ,  p u b l i c  c o n s e r v a t i o n  p r o j e c t s  s h o u l d  b e  g i v e n  a 
r i s k  premium b e n e f i t .  I f  consumer s u r p l u s  exceeds  o p t i o n  p r i c e ,  p u b l i c  
c o n s e r v a t i o n  p r o j e c t s  s h o u l d  be a s s i g n e d  a r i s k  premium cost. 

The measure of v a l u e  i s  e x p e c t e d  

Because o p t i o n  p r i c e  f r e e z e s  t h e  p u r c h a s e r  i n t o  buy ing  t h e  good a t  one  
p r i c e ,  it i s  n o t  n e c e s s a r i l y  g r e a t e r  t h a n  e x p e c t e d  consumer s u r p l u s .  I n  
f a c t ,  o p t i o n  p r i c e  can  b e  smaller o r  g r e a t e r  t h a n  e x p e c t e d  consumer sur- 
p l u s .  More i m p o r t a n t l y ,  t h e  d i f f e r e n c e  be tween t h e  two measu res  re la tes  t o  
t h e  a b s o l u t e  v a l u e  o f  t h e  good and s u b t l e  changes  i n  t h e  m a r g i n a l  u t i l i t y  
of  income. As Freeman 41984) h a s  shown, i n  most c i r c u m s t a n c e s ,  t h i s  d i f -  
f e r e n c e  i s  l i k e l y  t o  be small. 
i t  seems r e a s o n a b l e  t o  a c c e p t  e x p e c t e d  consumer s u r p l u s  as  a close 
a p p r o x i m a t i o n  t o  t h e  i d e a l  measure i n  a n  u n c e r t a i n  wor ld .  

As first  recommended by  Schmalensee  (19721,  

I n  c o n t r a s t  t o  t h e  r e s u l t s  of t h e s e  t h e o r e t i c a l  i n q u i r i e s ,  Green ley  
e t  aP. (19811,  B r o o k s h i r e  e t  a l .  (19831, and Walsh e t  a l .  (1984)  u s i n g  
c o n t i n g e n t  v a l u a t i o n  methods a l l  c o n c l u d e  t h a t  o p t i o n  value,  t h e  d i f f e r e n c e  
be tween o p t i o n  p r i c e  and e x p e c t e d  consumer s u r p l u s ,  i s  l a r g e  and a s i g n i f -  
i c a n t  f r a c t i o n  of p r e s e r v a t i o n  v a l u e .  
however, i s  s e r i o u s l y  undermined by  t h e  d e f i n i t i o n  t h e s e  a u t h o r s  u s e  f o r  
o p t i o n  v a l u e .  
ment r e q u i r e d  t o  r e t a i n  t h e  o p t i o n  of p o s s i b l e  f u t u r e  r e c r e a t i o n  use .  
c l e a r l y  i s  not o p t i o n  v a l u e  a t  a l l  b u t  r a t h e r  j u s t  o p t i o n  p r i c e .  
Walsk e t  a l .  (1984)  p a p e r ,  o p t i o n  p r i c e  i s  c lear ly  less t h a n  e x p e c t e d  v a l u e .  
I n  Green ley  e t  al. (19811,  o p t i o n  v a l u e  i s  d e f i n e d  as what  t h e  u s e r  would b e  
w i l l i n g  t o  pay  f o r  p e r f e c t  i n f o r m a t i o n  a b o u t  a s i t e  n e x t  y e a r .  Not o n l y  i s  
t h e  q u e s t i o n  vague  b e c a u s e  t h e  i n i t i a l  u n c e r t a i n t y  i s  n o t  s p e c i f i e d ,  b u t  it 
i s  a c t u a l l y  a d e f i n i t i o n  of q u a s i - o p t i o n  v a l u e  and n o t  o p t i o n  v a l u e  a t  a l l .  

The r e l e v a n c e  of t h e s e  f i n d i n g s ,  

Walsh e t  al. (1984)  d e f i n e  o p t i o n  value as t h e  a n n u a l  pay- 
T h i s  

I n  t h e  

On a more t h e o r e t i c a l  level ,  Conrad (1980) c h a r g e s  t h a t  o p t i o n  v a l u e  
i s  j u s t  t h e  v a l u e  of p e r f e c t  i n f o r m a t i o n .  
i f  t h i s  i s  cor rec tO 
He d e f i n e s  a n  o p t i o n  R S  t h e  o p p o r t u n i t y  t o  d e l a y  a n  i r r e v e r s i b l e  d e c i s i o n  
u n t i l  p e r f e c t  i n f o r m a t i o n  i s  a v a i l a b l e .  
from p a y i n g  a c o n s t a n t  p r i c e  fo r  a good r e g a r d l e s s  of t h e  t r u e  s t a t e  o f  
n a t u r e .  
d e a l s  o n l y  w i t h  t h e  l a t t e r .  

O p t i o n  v a l u e  i s  c lear ly  p o s i t i v e  
Conrad,  howevers  h a s  s i m p l y  r e d e f i n e d  o p t i o n  value. 

T h i s  i s  a v e r y  d i f f e r e n t  n o t i o n  

Conrad c o n f u s e s  o p t i o n  v a l u e  w i t h  q u a s i - o p t i o n  v a l u e  and  cor rec t ly  
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Another  s o u r c e  of  c o n f u s i o n  i s  t h e  summary a r t i c l e  OR o p t i o n  v a l u e  by 
Bishop (1982). A f t e r  an e x c e l l e n t  r e v i e w  of t h e  p a s t  l i t e r a tu re ,  Bishop 
a t t e m p t s  t o  e x t e n d  the  l i t e r a t u r e  by d i s c u s s i n g  s u p p l y  s i d e  u n c e r t a i n t y .  
He comes t o  t h e  c o n c l u s i o n  t h a t  u n c e r t a i n t y  abou t  s u p p l y  s i d e  p a r a m e t e r s  
l e a d s  t o  a p o s i t i v e  o p t i o n  value. 
attempts a s imilar  e x t e n s i o n  u s i n g  Cook and Graham's (1977) model of  
i n s u r a n c e  a g a i n s t  i r r e p l a c e a b l e  a s s e t s .  Smith a r g u e s  t h a t  o p t i o n  v a l u e  i s  
p o s i t i v e  whenever  t h e  1300d i n  q u e s t i o n  i s  i r r e p l a c e a b l e .  

I n  a s e p a r a t e  a r t i c l e  Smith (1983) 

Clear ly ,  b o t h  B i shop ' s  and S m i t h ' s  a rguments  cou ld  a p p l y  t o  enden- 
g e r e d  s p e c i e s  s i n c e  b o t h  supp ly  u n c e r t a i n t y  and i r r e p l a c e a b i l i t y  are  char -  
a c t e r i s t i c s  o f  endangered  s p e c i e s .  Both a rguments ,  however, a r e  f a u l t y  f o r  
d i f f e r e n t  r e a s o n s ,  
where o p t i o n  v a l u e  would b e  p o s i t i v e .  
however,  t h a t  i n  g e n e r a l  p e o p l e  would p r e f e r  t o  make a c o n s t a n t  payment fox  
a n a t u r a l  area of v a r i a b l e  q u a l i t y  ( o p t i o n  p r i c e )  ra ther  t h a n  a payment 
which v a r i e d  w i t h  t h e  q u a l i t y  o f  t h e  s i t e  ( e x p e c t e d  v a l u e ) .  If t h e  margi- 
nal u t i l i t y  o f  income i s  p o s i t i v e l y  r e l a t e d  t o  t h e  r e a l i z e d  b e n e f i t s  (qua l -  
i t y )  of t h e  s i t e ,  o p t i o n  v a l u e  w i l l  b e  n e g a t i v e .  Smi th ,  i n  t u r n ,  c o n f u s e s  
o p t i o n  p r i c e  and Cook and Graham's ransom payment. 
what a n  i n d i v i d u a l  woulld pay f o r  a good i n  a c e r t a i n  wor ld .  Opt ion  p r i c e ,  
i n  c o n t r a s t ,  i s  a c e r t a i n  payment f o r  a good i n  a random wor ld .  The model 
Smith c o n s t r u c t s  i n  h i s  p a p e r  i m p l i e s  t h a t  t h e  b e n e f i t s  o f  a p r o j e c t  are  
t h e  same r e g a r d l e s s  of  t h e  outcome of  a n  u n c e r t a i n  wor ld .  I n  such  cases, 
o p t i o n  p r i c e  and expect.ed v a l u e  of consumer s u r p l u s  are  a l so  t h e  same. 
D e s p i t e  t h i s ,  Smi th  asser ts  he  shows o p t i o n  p r i c e  is l a r g e r  t h a n  e x p e c t e d  
consumer s u r p l u s .  The c o n f u s i o n  b e g i n s ,  b u t  may n o t  b e  l i m i t e d ,  t o  t h e  
d i f f e r e n c e  be tween a ransom payment and o p t i o n  p r i c e .  

B i s h o p ' s  s u p p l y  s i d e  argument  r a i se s  a s p e c i a l  c a s e  
T h e r e  i s  l i t t l e  r e a s o n  t o  b e l i e v e ,  

A ransom payment is 

A f i n a l  l i n e  o f  argument  r a i s e d  f o r  a r i s k  premium u s e s  a d i f f e r e n t  
n o t i o n  t h a n  o p t i o n  v a l u e .  F o r  c o m p l e t e n e s s ,  however, it d e s e r v e s  d i s c u s -  
s i o n .  Bishop (1978) a r g u e s  t h a t  endangered  s p e c i e s  s h o u l d  b e  g i v e n  a r i s k  
premium as  par t :  o f  a game t h e o r y  model. I n  B i shop ' s  models  s o c i e t y  can  o r  
n o t  a t t e m p t  t 0  p r o t e c t  some endangered  s p e c i e s .  I f  i t  does  n o t  p r o t e c t  t h e  
s p e c i e s ,  s o c i e t y  might  lose i t  and r e c e i v e  loss y e  If i t  does  p r o t e c t  t h e  
s p e c i e s ,  he  a r g u e s  tha t .  t h e  worst t h a t  can  happen i s  t h a t  t h e  p r o t e c t i o n  
expense  x was unnecessa ry .  As l ong  as y > x ,  the minimax s t r a t e g y  mini- 
miz ing  t h e  w o r s t  case, i s  t o  p r o t e c t  t h e  s p e c i e s .  Bishop pushes  t h i s  
argument  f u r t h e r .  The p o t e n t i a l  b e n e f i t s  f rom t h e  s p e c i e s  may have a b road  
d i s t r i b u t i o n .  E v a l u a t i n g  y as t h e  h i g h e s t  p o s s i b l e  v a l u e  of t h e  endangered  
s p e c i e s ,  it i s  l i k e l y  t o  be g r e a t e r  t h a n  x ,  t h e  c e r t a i n  cost of f o r e g o i n g  
development .  Consequen t ly ,  a l l  endangered  s p e c i e s  s h o u l d  b e  p r e s e r v e d  
u n l e s s  t h e i r  e x i s t e n c e  r e q u i r e s  e x c e s s i v e  c o s t s .  

As Bishop h i m s e l f  n o t e s ,  t h i s  i s  a n  e n t i r e l y  c o n s e r v a t i v e  approach .  
Even though t h e  s p e c i e s  may have  a 1 i n  10 m i l l i o n  chance  o f  p r o v i d i n g  
b e n e f i t s ,  t h e  argument  a s k s  u s  t o  t reat  t h e  s p e c i e s  as though i t  p r o v i d e d  
b e n e f i t s  f o r  c e r t a i n .  The minimax s t r a t e g y  is f i n e  if t h e  w o r s t  case is 
l i k e l y  t o  o c c u r  b u t  i t  i s  much t o o  r i g i d  a n  approach  i f  t h e  w o r s t  case is a 
rare e v e n t .  L i f e  would b e  v e r y  t e d i o u s  i f  our sole aim was t o  a v o i d  a l l  
t h e  minu te  chances  o f  hav ing  a n  a c c i d e n t .  Clear ly  t h e  l i k e l i h o o d  of a bad 
a c c i d e n t  s h o u l d  b e  i n c l u d e d  i n  o u r  d e c i s i o n  making c a l c u l u s .  

c 
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A second point  not recognized by Bishop i s  t h a t  the worst possible 
case i s  not e x t i n c t i o n  a t  a l l .  The  worst case is  t h a t  w e  epend x on 
preservation and y e t  the  species  goes e x t i n c t  anyway. 
expenditure which w i l l  guarantee surv iva l ,  our best  minimax s t ra tegy  i s  t o  
not preserve anything regardless  of i t s  value. 

Since there  i s  no 

I n  conclusion, i t  appears t h a t  option value i s  small and may be 
e i t h e r  pos i t ive  o r  negative. 
determine opt ion value,  the  sens ib le  approach seems t o  be t o  ignore i t  
s ince it  does not b i a s  our decisions.  Consequently, the appropriate mea- 
sure  of the value of endangered species  given uncertainty i s  the expected 
value of a l l  benef i t s .  

Given t h a t  we have few means ava i lab le  t o  

t?ONUTILITARIAN BENEFITS 

Most of t h e  discussion of endangered species b e n e f i t s  cpncerns how 
plants  and animals may be useful  t o  man. 
may be i n  man's self-serving i n t e r e s t  t o  maintain many species.  
philosophers n a t u r a l l y  object  t o  t h i s  homocentric viewpoint of nature. 
Some people do not bel ieve nature  e x i s t s  j u s t  f o r  man's pleasure. 
Stone (1972) argues t h a t  a l l  of nature should be given r i g h t s  ( l e g a l  
standing) t o  defend i t s  i n t e r e s t s  against  man. 

The underlying notion i s  t h a t  it 
Some 

I n  f a c t ,  

Existence i s  primarily a function of adequate resources. 
species needs a c e r t a i n  amount of the correct  habi ta t  t o  survive. 
of t h a t  h a b i t a t ,  t h e  h i g h e r  t h e  probabi l i ty  of survival .  
consequently be viewed as  an a l l o c a t i o n  of habi ta t  (resources) problem. 
Given the t o t a l  resources of t h e  world, how should they be  a l located among 
species? 
income o r  wealth d i s t r i b u t i o n  among people. 

Every 
The more 

Survival can 

The problem of surv iva l  among species c losely resembles issues  of 

Borrowing from Rawls (1971), l e t ' s  t r y  t o  determine t h e  optimal 
a l loca t ion  of h a b i t a t  across  species.  
paper has focused upon how man would l i k e  the  resources a l located.  In t h i s  
sect ion,  we would l i k e  t o  expand t h e  number of voters  t o  include other 
species. Rawls suggests t h a t  one way t o  think about a f a i r  d i s t r i b u t i o n  i s  
t o  s tep  through a "vei l  of ignorance." 
would be the  dominant species.  
the d i s t r i b u t i o n  of species.  
would one vote  f o r ?  

The discussion i n  the  rest of t h i s  

Suppose we did not know t h a t  we 
I n  f a c t ,  suppose one could be anywhere i n  

What a l l o c a t i o n  of resources across species 

Rawle himself argues f o r  a minimax solut ion.  We should t r y  t o  mini- 
mize the worst possible  case by  making the  worst off  species  as well off as 
possible.  
species u n l e s s  the coat i s  excessive. Although the d e f i n i t i o n  of excesrive 
coat remains vague, the  implication of these arguments i s  t h a t  man (and 
plants  and animals  cu l t iva ted  by man) ought t o  re turn  s u b s t a n t i a l  habi ta t  
t o  creatures  man has l i t t l e  i n t e r e s t  i n .  There should be subs tan t ia l ly  
l e s s  commercial f o r e s t ,  a g r i c u l t u r a l  l a n d ,  grazing acreage, developed land, 
and probabaly much fewer people. 
population of humans should b e  allowed t o  remain. 

The  argument resembles Bishop's (1978) plea t o  protect  a l l  

Perhaps only 1% o r  fewer of the world's 
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As d i s c u s s e d  by Bishop (19781, t h e  minimax s t r a t e g y  i s  e x c e p t i o n a l l y  
c o n s e r v a t i v e .  Why n o t  t ake  a chance  t h a t  one  c o u l d  become e x t i n c t  r a t h e r  
t h a n  have t o  s h a r e  a l l  r e s o u r c e s  a l m o s t  e q u a l l y  across  s p e c i e s .  Almost 
e q u a l  s h a r i n g  across some 2 t o  12  m i l l i o n  an ima l  s p e c i e s  would a lmos t  
s u r e l y  l e a v e  most s p e c i e s  permanent ly  i n  a d i r e  s u b s i s t e n c e  s t a t e ,  
p e o p l e  would p r o b a b l y  p r e f e r  t o  take  a chance  of d y i n g  t o  g e t  a b e t t e r  l i f e  
f o r  them and t h e i r  c h i l d r e n  r a t h e r  t h a n  hav ing  t h e  c e r t a i n t y  of permanent 
p o v e r t y .  
t h e  r ema in ing  s p e c i e s  a r e  l a r g e  enough. 

Many 

E x t i n c t i o n  may be a n  a c c e p t a b l e  r i s k  i f  t h e  p o t e n t i a l  r ewards  t o  

Ano the r  i s s u e  of s e r i o u s  impor t  i s  how would a l l  t h e  o t h e r  a n i m a l s  
Is man t h e  o n l y  an ima l  concerned  w i t h  i t s  own i n t e r e s t ,  whereas ,  t h e  v o t e .  

rest of n a t u r e  m a i n t a i n s  a p e r f e c t  b a l a n c e ?  
o f  a l t r u i s t i c  b e h a v i o r  a c r o s s  s p e c i e s ?  I b e l i e v e  t h e r e  a r e  very few exam- 
p l e s  where  a n i m a l s  have r educed  t h e i r  own welfare c o n s c i o u s l y  t o  p r o t e c t  
o t h e r  s p e c i e s .  Most an ima l s  k i l l  a s  much as t h e y  want t o  eat .  They d o n ' t  
w i l l i n g l y  go  hungry b e c a u s e  t h e i r  food  s o u r c e  is weak and needs  r e p l e n i s h -  
ment. I f  p r e d a t o r s  go hungry ,  it is b e c a u s e  t h e y  c a n n o t  f i n d  t h e i r  source 
p r e y ,  n o t  b e c a u s e  t h e y  a r e  sorry f o r  t h e m .  The law of n a t u r e  a p p e a r s  t o  b e  
t h e  law o f  s u r v i v a l .  The l a w  of  s u r v i v a l  s a y s  t h e  dominant  an ima l  ac t s  i n  
h i s  se l f  i n t e r e s t .  The b e h a v i o r  of most a n i m a l s  would s u g g e s t  t h a t  t h e y  
would vote f o r  a d i s t r i b u t i o n  of r e s o u r c e s  d e t e r m i n e d  by t h e  i n t e re s t s  of 
t h e  dominant  animal. F a r  from p r o t e c t i n g  a l l  s p e c i e s ,  t h i s  be l ie f  i s  a 
f o u n d a t i o n  f o r  a homocen t r i c  u t i l i t a r i a n  approach .  Man, as t h e  dominant  
a n i m a l ,  s h o u l d  work t o  m a i n t a i n  s p e c i e s  o n l y  i f  t h e y  are  v a l u a b l e  t o  man- 
k i n d .  

Does n a t u r e  abound w i t h  examples  

CONCLUSIONS 

T h i s  p a p e r  reviews t h e  l i t e r a t u r e  w r i t t e n  about c o n s e r v a t i o n  and 
endangered  s p e c i e s .  The l i t e r a t u r e  i d e n t i f i e s  n i n e  s o u r c e s  of  b e n e f i t s  
t h a t  l i v i n g  r e s o u r c e s  migh t  p r o v i d e  man. I t  i s  a rgued  t h a t  e x i s t e n c e  
v a l u e ,  b e q u e s t  v a l u e ,  and secondary  b e n e f i t s  a re  r e d u n d a n t  and c a p t u r e  
b e n e f i t s  measured e l s e w h e r e .  O t h e r  b e n e f i t s  which migh t  be l a r g e  f o r  some 
w i l d  s p e c i e s  are  p r o b a b l y  n e a r  z e r o  f o r  endangered  s p e c i e s  b e c a u s e  o f  t h e i r  
small p o p u l a t i o n s .  These  b e n e f i t s  i n c l u d e  d i r e c t  consumpt ive  u s e ,  i n d i r e c t  
b e n e f i t s ,  s c i e n t i f i c  i n f o r m a t i o n ,  chemica l  min ing ,  and q u a s i - o p t i o n  v a l u e .  
It i s  f u r t h e r  a r g u e d  t h a t  o p t i o n  v a l u e  c o u l d  be e i t h e r  p o s i t i v e  o r  nega- 
t i ve ,  i s  h a r d  t o  measu re ,  and is p r o b a b l y  small. Thus,  d e s p i t e  t h e  con- 
s i d e r a b l e  u n c e r t a i n t y  s u r r o u n d i n g  measurements  o f  t h e  b e n e f i t s  of s p e c i e s  
p r e s e r v a t i o n ,  t h e  b e s t  approach  i s  t o  v a l u e  b e n e f i t s  a t  t h e i r  e x p e c t e d  
v a l u e .  The major c o n c l u s i o n  o f  t h e  p a p e r  is t h a t  nonuse  v a l u e s  of endan- 
g e r e d  s p e c i e s  a re  near z e r o  and i r r e l e v a n t .  The f o c u s  of e m p i r i c a l  work 
s h o u l d  be upon measu r ing  t h e  u s e  v a l u e s  of  endangered  p l a n t s  and an ima l s .  

The major b e n e f i t  o f  m a i n t a i n i n g  endangered  s p e c i e s  l i e s  i n  noncon- 
sumpt ive  d i r e c t  u s e .  It: i s  what p e o p l e  a re  w i l l i n g  t o  pay t o  i n t e r a c t  w i t h  
t h e  s p e c i e s  i n  i t s  n a t i v e  h a b i t a t .  It i s  t h e  sum of  t h e s e  payments across 
a l l  u s e r s - - t o u r i s t s ,  h i k e r s ,  n a t u r a l i s t s ,  writers,  moviemakers, etc.--which 
i s  t h e  soc i a l  v a l u e  of t h e  r e s o u r c e .  P r o j e c t i n g  t h i s  stream of  b e n e f i t s  
i n d e f i n i t e l y  i n t o  t h e  f u t u r e  and t a k i n g  i t s  p r e s e n t  v a l u e  y i e l d s  t h e  soc i a l  
v a l u e  of e a c h  s p e c i e s .  
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I f  t h i s  h y p o t h e s i s  i s  c o r r e c t ,  t h a t  s p e c i e s  ought  t o  b e  p r e s e r v e d  
because  of  t h e i r  nonconsumptive d i r e c t  use ,  i t  g i v e s  new p e r s p e c t i v e  t o  t h e  
o p t i m a l  management of w i l d  s p e c i e s .  
such  as a s ea l ,  w h a l e ,  e l k ,  o r  b u f f a l o  shou ld  b e  p r o t e c t e d  whether  o r  n o t  
it has  a small p o p u l a t i o n .  The v a l u e  of  t h e  s p e c i e s  i s  n o t  j u s t  a f u n c t i o n  
of  t h e  s i z e  of i t s  p o p u l a t i o n  o r  p r o b a b i l i t y  of  e x t i n c t i o n ,  b u t  a l s o  a 
q u e s t i o n  o f  i t s  a p p e a l .  
a lmos t  e x t i n c t ,  b u t  some s p e c i e s  so c l o s e l y  r e semble  s u r v i v i n g  s p e c i e s  t h a t  
t h e i r  l o s s  would h a r d l y  b e  n o t i c e d .  As a p o i n t  of e v i d e n c e  s u p p o r t i n g  t h i s  
n o t i o n ,  even  b i o l o g i s t s  are o n l y  aware of a small  f r a c t i o n  of  t h e  s p e c i e s  
which go e x t i n c t  each  year. T y p i c a l  users are  p robab ly  aware o f  even fewer 
of t h e  l o s s e s .  Some s p e c i e s  a r e  c l e a r l y  wor th  p r e s e r v i n g  more t h a n  o t h e r s .  

An animal  which p e o p l e  e n j o y  s e e i n g  

S u r e l y  some a n i m a l s  a r e  v a l u a b l e  b e c a u s e  t h e y  a re  

Second,  p r o t e c t i o n  of endangered  s p e c i e s  shou ld  n o t  b e  accompl ished  
t o  t h e  e x c l u s i o n  o f  a l l  nonconsumptive use .  
o f  m a i n t a i n i n g  a whale  p o p u l a t i o n  i s  t h e  b e n e f i t s  ach ieved  by o n l o o k e r s ,  i t  
would b e  f o o l i s h  t o  o v e r p r o t e c t  t h e  whale  by banning  a l l  approaches  by man. 
Any o v e r z e a l o u s  r e g u l a t i o n  which n e u t r a l i z e s  t h e  r e a s o n  f o r  k e e p i n g  t h e  
an ima l  a l i ve  i s  h a r d l y  i n  t h e  i n t e r e s t  o f  s o c i e t y  o r  t h e  an ima l .  
one shou ld  look  f o r  a b a l a n c e  between p r e s e r v i n g  t h e  an ima l  and m a i n t a i n i n g  
use. 
s c i e n t i f i c  i n f o r m a t i o n ,  t o u r  b o a t s  shou ld  b e  g i v e n  p r e f e r e n c e  of a c c e a s  
o v e r  s c i e n t i f i c  e x p e r i m e n t e r s .  

S u r e l y ,  i f  t h e  p r imary  value 

C l e a r l y ,  

S i m i l a r l y ,  i f  t h e  b e n e f i t s  of a s p e c i e s  a r e  i n  v iewing  r a t h e r  t h a n  

T h i r d ,  a l t h o u g h  t h e  t o n e  o f  t h i s  p a p e r  i s  h i g h l y  c r i t i c a l  of t h e  
m u l t i p l i c i t y  of s p e c i a l i z e d  b e n e f i t s  supposed ly  p rov ided  by endangered 
s p e c i e s ,  i t  i s  n o t  a rgued  t h a t  p r e s e r v a t i o n  b e n e f i t s  are l i k e l y  t o  be 
smaller t h a n  h e r e t o f o r e  e x p e c t e d .  It  cou ld  wel l  b e  t h a t  c o r r e c t  measure- 
ment o f  nonconsumpt ive  d i r e c t  u s e  w i l l  r e v e a l  t h a t  t h e  p r e s e r v a t i o n  value 
o f  many endangered  s p e c i e s  is, i n  f a c t ,  h i g h e r  t h a n  i s  now expec ted .  

F o u r t h ,  nonconsumptive d i r e c t  use can b e  measured and e v a l u a t e d .  
C o n t i n g e n t  v a l u a t i o n ,  m u l t i p l e  s i t e  t r a v e l  c o s t ,  and hedonic  t r ave l  cost  
a re  e x i s t i n g  t e c h n i q u e s  which can  b e  b r o u g h t  t o  b e a r  on measur ing  t h e  v a l u e  
o f  d i r e c t  use.  I f ,  i n  f a c t ,  p r e s e r v a t i o n  v a l u e  i s  n o t h i n g  b u t  nonconsump- 
t i v e  u s e  v a l u e ,  t h e n  t h e  b e n e f i t s  of p r e s e r v i n g  i n d i v i d u a l  endangered  
s p e c i e s  can  b e  measured.  

F i f t h ,  t h e  b e n e f i t s  and c o s t s  o f  p r e s e r v i n g  endangered  s p e c i e s  
shou ld  b e  c a r e f u l l y  weighed. C u r r e n t  laws r i g i d l y  demand a l l  endangered 
s p e c i e s  b e  p r e s e r v e d .  Al though,  i n  p r a c t i c e ,  t h e  a d m i n i s t r a t i o n  o f  t h i s  
l a w  has b e e n  f a r  more f l e x i b l e  t h a n  t h e  l a w  i t s e l f ,  H a r r i n g t o n  (1981) and 
Miller and Menz (1979) are  correct i n  t h e i r  c a l l  f o r  a b e t t e r  a l l o c a t i o n  of 
r e s o u r c e s  towards  p l a n t  and an ima l  p r o t e c t i o n .  The e x p e n d i t u r e  o f  a d o l l a r  
t o  s a v e  a small i r r e l e v a n t  f i s h  c o u l d  well b e  t h e  d o l l a r  t h a t  cou ld  have 
saved  a n  e a g l e ,  whale ,  o r  brown b e a r .  S o c i e t y  can  ill a f f o r d  t o  throw i t s  
r e s o u r c e s  c a r e l e s s l y  a t  v a n i s h i n g  h a b i t a t s  o r  endangered  s p e c i e s .  
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